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PRERA-CE. 



The first edition of this treatise was published in the 
year 1842, the fifth in 1857. Each edition has oeen in 
good part rewritten, — the present one entirely so,--~ and the 
compass of the work is now extended. More elementary 
works than this, such as the author’s First Lessons in 

i 

Botany (yrhich contains all that is necessary to the prac- 
tical study of ^ystjem^tic Phsonogamous Botany by means 
of Manuals and local Floras), are best adapted to the 
needs of the young beginner, and of those who do not 
intend to study Botany comprehensively and thoroughly. 
The present treatise is intended to servo as a text-book for 
the higher and completer instruction. To secure the 
requisite fulness of treatment of the whole range of sub- 
jects, it has been decided to divide the work into distinct 
volumes, each a treatise by itself, which nmy bo indepen- 
dently used, while the whole will compose a comprehensive 
botanical course. This volume, on the Structural and 


Morplmlogical Botany of Plmmogamous Plants, properly 
comes first. It should thoroughly equip '* botanist for the 
scientific prosecution of Systematic Botany, and liy||j|ik 
needful preparation to those who proceed to the 
Vegetable Physiology and Auetomj^'aud to the 
varied department of Crypt' 
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PREFACE. 


The preparation of the volume upon Physiological 
Botany (Vegetable Histology and Physiology) is assiginnl 
to the author’s colleague, Professor Goodale. 

The Introduction to Cryptogamous Botany, both structin 
ral and systematic, is assigned to his colleague, Professor 
Farlow. 

A fourth volume, a sketch of the Natural Orders of 
Phsenogamous Plants, and of their special Morphology, 
Classification, Distribution, Products, &c., will be needed 
to complete the series: this the present author may 
rather hope than expect himself to draw up. 


Heebakium op Harvard Univbrsitt, 
Cambridoe April 10, 1879. 


ASA GRAY. 
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The ntunerals in parentheses, which are here and there introduced ^ 
into sentences or appended to them, are references to the numbered para^ 
graphs iu which the topic is treated or the term eixplaiued. 
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STRUCTURAL BOTANY 


OH ‘ 

THE BASIS OF MORPHOLOGY. 


INTRODUCTION. 


1. The two Biological Sciences,* considered as parts of Natnral 
History, are Zoology and Botany. The latter is the natural 
history of the Vegetable Kongdom. It embraces every scientiflo 
inquiry that can be made respecting plants, their nature, their 
kinds, the laws which govern them, and the part they play in 
the general economy of the world. 

2. We cannot distinguish the vegetable from the awiTnal iring . 
dom by any apmplete and precise definition. Altb^ ngh ordinary 
observation^ '•'.their usual representatives may discern little that 
is common to' the two, yet there are many simple forms of life 
whi<^ hardly rise high enough in the scale of being to rank dis- 
tinctively either as plant or animal ; there are undoubted plants 
possessing faculties which are generally deemed characteristic of 
animals ; and some plants of the highest grade share in these 
endowments. But m general there is a marked contrast between 
animal and vegetable life, and in the part which animals and 
plants respectively play in nature. 

8. Plants only are nourished upon minqjil matter, npon earth 
and air. It is their peculiar ofiSce to appropriate mineral mate- 
rials and to organize them into a structure in which life is mani- 
fested, into a structure which is therefore called organic. So 
the material fitted for such structure, and of which the bodies 


* BitHogy, the Bcience of life, or rather of liriag things, in its earlier use 
TTO equlralent to physiology: recently, it has come to denote fee naMjl’. 
Itoo^ <rf plants and pnimals, ». e. of the tiro, orgaCfeMhigdwns, iachSl^'' 
Ik^feettphysiology-anddesfflriptivewtWrtifejBsti^^ ■ > 
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of plants and animals are composed, is called organic matter* 
Animals appropriate and live upon this, but have not the power 
of producing it. So the vegetable kingdom stands between the 
mineral and the animal ; and its function is to convert materials 
of the one into food for the other. Although plants alone are 
capable of building up living structure out of mineral mate- 
rials, and are the sole producers of the orgamc matter which 
is essential to animal life, and although animals consume that 
which plants produce, yet plants also consume organic matter, 
more or less, acting in this respect like animals in all their opera- 
tions, except in the grand and peculiar one hy which they 
assimilate mineral matter. Most plants of the higher grades 
assimilate lai’gely and consume little, except in special opera- 
tions. Some, on the contrar}", are mainly consumers, and feed 
upon formed organic matter, living in this respect after the 
manner of animals. The living substance of plants and animals 
is essentially the same. 

4. Botany deals with plants : 1. As individuals, and in respect 
to their structure and functions. 2. In their kinds, and as 
respects their classification, nomenclature, &c. Accordingly, 
the most comprehensive di^ision of the science is into Physio- 
logical or Biological Botaky (using these terms in their widest 
sense) and Systematic Botany. But as Ph 3 "siology and Biolog}', 
in the restricted sense, relate only to functions or actions and 
their consequences, the first department naturally divides into 
two, viz. Structural Botany and Physiology. 

5. Structural Botany comprehends all inquiries into the 
structoe, the parts, and the organic composition of vegetables. 
This is termed Organography, when it considers the organs or 
obvious parts of which plants are made up, and Morphology, 
when the study proceeds on the idea of type. The term 
Organogeny has been applied to the study of the nascent 
organs and their, development; Phytotomy, or Vegetable 
Anatomy, to that of the minute structure of vegetables as re- 
vealed by the microscope, %• e. to the composition of the Cleans 
themselves. But, since anatomy in the animal kingdom includes 
the consideration of general as well as of minute structure, and 
indeed answers to organography, the minute anatomy of berth 
kingdoms takes the special name of Hii^tology. The study of ’ 
functions, or of the Ihdng bein| (animsil or plant) in action,, 

is the province of Physiology. 

6. Systematic Botany, or the study of plants in their kinds! 
and in regard to their relationdb^ps, conaprises Taxonomy, or the; 
j^pK^ples of classification, as dewved ftom the 6urts and , 
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upon wliich species, genera, &c., rest; Classification or the 
System of Plants, the actual aiTangement of known plants in 
systematic order according to their relationships ; Phytography, 
the rules and methods of describing plants ; and Nomenclature, 
the methods and rules adopted for the formation of botanical 
names. Glossology or Terminology^ is a necessary part of 
Ph3ix)graphy or Descriptive Botany, and hardl^^ less so of 
Structural Botany: it relates to the application of distinctive 
terms or names to the several organs or parts of plants, and to 
their numberless modifications of form, &c. This requires a 
copious vocabulary of well-defined technical terms, b}^ the use of 
which the botanist is able to describe the objects of his study 
with a precision and brevity’ not otherwise attainable. It will 
be convenient to exemplify the principal terms along with the 
modifications of conformation which they designate ; and also, 
for greater fulness and facility of reference, to append to this 
volume an alphabetical summary of them, or Vocabulary of 
Botanical Terms.® 

7. The present volume is mainly devoted to Morphological 
Botany; that is, to Structural Botany on the basis of mor- 
phology. This department cannot be properly dealt with apart 
fi*om considerable reference to intimate structure, development, 
and function, the subject-matter of vegetable histology and 
physiology. But these will here be treated only in the most 
general or incidental and elementary way, and only so far as 
is necessary to the understanding of the morphology of the 
stem, leaves, &c. The whole discussion of the histology and 
physiology of plants is relegated to a following volume and to 
another hand. 

8. The most comprehensive and important division of the 
vegetable kingdom is into plants of the higher and of the lower 
series or grade, into PHiENOGAMOUS (or Phanerogamous) or 
Flowering, and Cryptogamous or Flowerlbss Plants. The 
first are all manifestly of one type, and therefore have a consist- 
ent and simple morphology. The second diflTer among them- 
selves almost as widely as -^ey do from the higher series ; and 


1 Glossoi^t is the better word, but Terminology, although a hybrid 
of Latin and Greek, is in common use. 

2 What is called Gboorarbical Botany is the study of plants in respect' 
to their natural distribution' at the present time over the eaiih^s surface, a(n4 ' 
the causes of it. Fossil Botany (Vegetable Palsoontolo^^] 
plants of former ages, as more or less made known in ~ 

Mboioal Botany, Aoriotjltural Boa^iHY, and Iike> < 
of Bot^ to medicine, agrioulturG, '4lbc. ' ‘ “ 
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their morphology is more special and difficult. Wlierefore it is 
better to treat them separately and subsequently. This will be 
done in a third part, by an associate devoted to Cryptogamic 
Botany. 

9. Thus the field is here left clear for the Structural Botany 
of Phsenogamous or Flowering Plants, with which the study of 
the science should naturally begm. In theory it may seem 
proper to commence with the simplest plants and the most ele- 
mentary structures ; but that is to put the difficult and recondite 
before the plain and obvious. The type or plan of the vegetable 
kingdom, upon which morphological botany is grounded, is fully 
exemplified only in the higher grade of plants, is manifest to 
simple observation, and should be clearly apprehended at the 
outset 



CHAPTER L 


OUTUNBS OF THE GBNEEAL MOEPHOLOGY OF 
PHUSNOGAMOUS PLANTS. 

10. Morphology, the doctrine of forms, as the name denotes, 
is used in natural history in nearly the same sense as the older 
term Comparative Anatomy. If it were concerned merely with 
the description and classihcation of shapes and modifications, 
it would amount to little more than glossology and organography . 
But it deals with these IVom a peculiar point of view, and under 
the idea of unity of plan or type.^ 

11. As all vertebrate animals are constructed upon one type 
(or ground plan), which culminates or has its archetype in man, 
so all plants of the higher grade (8) are strictly of one type ; 
the different kinds being patterns or repetitions of it, with varia- 
tions. The vegetable kingdom, however, does not culminate in 
an archetype or highest representative. As respects the organs 
of vegetation, the higher classes of ciyptogamous plants exhibit 
this same type; but it is only in ^e most general or in a 
recondite sense that this can be said of their oi^ans of repro- 
duction, and of the less differentiated structure of the lowest 
classes. Wherefore ciyptogamous plants are •left out of the 
present view, to be treated apart. 

12. Viewed morphologically and as to its component organs, 
a plant is seen to consist of an axis or stem, which sends off 
roots into the soil, and bears lateral appendages, commonly as 
leaves, but which may be very unlike leaves in whole appearance 

^ The term MorpMogy was introduced into science by Gcsthe, at least as 
early as the year 1817 (Zur Naturwissenschaft uberhaupt, besonders zur 
iSlorphologie, Stuttgart und Ifibu^en, 1817-24). On page 9 of the first 
volume, he is understood to have suggested this word for the purpose and in 
the sense now adopted in botany and zoology. It essentially replaces an 
earlier and somewhat misleading word, (8940 

Apparently the first botanist to adopt the term was Auguste de St 
Hilaire, in his "Lemons de Botanique, comprenant pxincipalement la Mox^ 
phologie y^g^tale, etc., Paris, 1841. The term seems not to have been ta(keh 
up, in zoology, by ^Idenne Qeoffroy SaintHaaire, the antagonist ^ 

(who was of a wholly different family from that of the 
^.tiiesame idea was denoted his phrase "unilgr of orgai^ 
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and function. These appendages, whatever theii* form or use, 
accord with leaves in mode of origin, position, and arrangement 
on the axis or stem. Their most general and ordinary form is 
the farniliftr one of foliage ; hence the name of leaves has been 
by botanists extended in a generic way from the green expan- 
sions which constitute foliage to other forms under which such 
appendages occur. The proper morphological expression is, 
that the latter are homologouLs with leaves, or are the homohgues 
of leaves.^ 

18. Leaves are borne upon the stem at definite places, which 
are termed Nodes. A node may bear a single leaf or a greater 
number. When it bears two, they occupy opposite sides of 
the stem. When three, four, or more, they divide the circum- 
ference of the stem equally, forming a circle, technically a 
Whobl, or in Latin form a Veeticil. WTien only two, the pair 
evidently answers to the simplest kind of whorl. So that leaves 
are either single on the nodes, in which case they are aUer^ 
nate^ that is, come one after another on the stem ; or in whorls 
(whorled, verticiUate)^ in the commoner case of a single pair 
being called opposite. The bare space between two successive 
nodes is an Internode. This is Ibnger or shorter, according to 
the amount of longitudinal growth, which thus spaces the leaves, 
or whorls of leaves, in most various degrees, either widely when 
the intemodes are elongated, or slightly when they remain very 
short. The plant, therefore (roots excepted), is made up of a 
series of similar parts, %, e. of portions of stem, definitely bearing 
leaves, each portion developed from the apex of the preceding 
one. This constitutes a simple-stemmed plant. 

14. Branching is the production of new stems from the older 
or parent stem. These normally appear in the Axils of leaves, 
that is, in the upper angle which the leaf forms with the stem, — 
from which they grow much as the primaiy stem grew from the 
seed. The primary stem, connected with the ground, produces 
roots which develop downwardly into the soil, from which they 
draw sustenance. Branches, when developed above ground, 

1 A common designation for aU these appendages being desirable, a good 
one is furnished by the Greek name for leaf, ParLLUitf, plural* 

Phtlla This, used with prefixes, may be made to designate the kind of 
leaves in many cases, — as, prophylktf cataphyUa^ hypsoph^Ua, 

Recent Gexinan botanists use the word Phylime in this sense. It is a 
rather convenient and well^sounding word; hut jAylloma is the exact 
eq,fiivalent d our word foliage, and thek^ore not very well chosen as 
^ramon term for leaves which are not foHage as well as'those which are.^4 
will this word, like phyfhm, readilflg^^^efixes, as above, or the adJei:;K| 
Uve form,, as it readily does in 
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being in organic connection with their pai*ent stem, 
usually produce roots ; but when placed in equally favorable 
<jonditions for it, i. e. on or in the soil, they may strike root as 
freely as does the original stem. 

15. An incipient stem or branch, with its rudimentary leaves, 
is a Bud, The normal situation of a bud is in the axil of a leaf 
{axillary ) , the development giving irise to branches ; or else at 
the apex of an axis {ternunal ) , where there can be only one, the 
development of which continues that axis.^ 

16. As branches are repetitions and in one sense progeny of 
the stem which bears them, so the serial similar parts or leaf- 





beanng portions of a simple stem are repeti- 
tions, or in a like sense progeu}', each of the 
preceding one from which it grew. The 
simple-stemmed plant is made up of a series 
of such growths,, each from the summit of u 
its predecessor; the branched plant, of ad- ^ 
•ditional series, laterall}” developed, from ax- 
illaiy buds. These ultimate similar parts into 
which a plant may thus be analyzed, and 
which are endowed with or ma}- produce all* 
the fundamental organs of vegetation, were by 
Gaudichaud called Phytons. But phyton^ 
being the common Greek name for plant, was 
not a happily chosen aiipellation for plant- 
elements, or homologous plant-units. A better [7^ 
term for them is Phyt6mejra (<jpi;ror, plant, v 
ybQog^ part) , equivalent to plant-parts^ — the \\ 
structures which, produced in a series, mak^ f 
up a plant of the higher grade. In English, 
the singular' may be shortened to PErfroMBE. 

17. This theoretical conception of the organic • ] 
composition of the plant is practically impor- 
tant to the correct understanding of morpho- ^ 
logical botany. The diagram, Fig. 1, serves 
to represent the organic elements, or phyfom&ra^ 
in a simple case, such as that of a growing 
ant of Indian Com, or other Grass. Here 


^ Bifurcation by the division of a terminal bud into two, as in Aw 
ryptogams, is supposed by some to occur, even normally, in 
ims, especially in certain forms of inflorescence ; but this bae 
onvindngly made out. 

PIG, t DiJurrom of a Rimple-stemmed plant, 

.+ A V Inch It composed, .7^ 
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the leaves are alternate; in other words, each phytomer is 
single-leaved; while in the subsequent illustrations of plants 
developed fi-om the seed, at least the earliest phytomera are 
two-leaved. 

18 , The plan thus exhibited in the leafy stem begins in the 
embryo, or initial plant in the seed, and is carried on into the 
flower, in which the normal development of the axis flnaUy ends. 
One plan prevails throughout. To illustrate it, the morphology 
and growth of the embrj’o, of the plant developed for vegetation 
and the general purposes of its individual existence, and lastly 
of the flower, through which sexual reproduction takes place, 
may be successively treated in this order. * 
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CHAPTER 11. 

MORPHOLOGY AND DEVELOPMENT OE THE EMBRYO AND 

SEEDLING. 


19. The Embryo is the initial plant, originated in the seed.^ 
In some seeds it is so simple and rudimentary as to have no 
visible distinction of parts : in others, these parts may have 
assumed forms which disguise their proper character. But every 
well-developed embryo essentially consists of a nascent axis, or 
stem, bearing at one end a nascent leaf or leaves, or what an- 
swers to these, while from the other and naked end a root is 
normally to be produced. This stem is the primitive intemdiie 
of the plant : its leaf or pair of leaves is that of the first node. 
The plant therefore begins as a single phytomer. Some embryos 
are no more than this, even when they have completed their 
proper germination: others have taken a further development 
in the seed itself, and exhibit the rudiments of one or more fol- 
lowing phytomera. The embiy^o of the Maple is an example of 
the first kind ; and, being large enough for handling and for the 
display of all its parts to the naked eye, and the character of 
these parts being manifest even in the seed, it is a good subject 
with which to commence this study. And for this the Sugar- 
Maple is one of the best of 
the Maples. Its embr^^o 
(seen in Fig. 2 in the coiled 

condition which it occupies ^ ^ ^ * 

in the seed, and in Fig, 3 " ^ J 

and Fig. 4 uncoiling and be- 234 
ginning to grow) is an initial stem, bearing a pair of leaves, and 
nothing more. These parts take the techmcal names of 


^ Noxmany a seed oontaiiiB a single embryo. Polyembry^ the formation Cf 
two or more embryos, occurs occasionally as a kind of snperfostatlonL 
some seeds. In those of the cultivated Orange it is most ocofamoa, 
evident monstrosity. In Ooniferss and Loranthaoese, two or 
of equal size and perfection, are not rarely produced. ^ 

HG. k Bmbryo of Sugar Haple, In vertical sectlcnK as coUed 
somewliat loosened. 3. l^bryo of same, just bestocfag to 
4.8ameni<»e advanced : a, its stem or cauHcle; 
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20. Cauliele^^nM^jcle, and Cotyledons. The name of radicpl 
was early applied to the axis of the embryo below the cotyledons, 
on the supposition that it was the actual beginning of the root. 
But its structure and mode of gi'owth show it is not root (24, 
44, 78), but a body of the exact nature of stem, from the 
naked end of which the root is developed. Wherefore CauUcle 
(Lat. eauliculus^ diminutive of canlis, stem) is 
die appropriate name ; and it would be gen- 
erally’ adopted, were it not that the older term 
is so incorporated into the language of sys- 
tematic botany’ (in which fixity’ and unifonnity’ 
are of the utmost importance) that it is not 
easily displaced. It may be continued in 
descriptive botany’ on this account, but in 
morphology it is apt to mislead ; and the name 
of caulick^ suggestive of the true nature of 
the organ, is preferable.^ The more fanciful 
name of Cotyledons was very early applied to 
what are now recognized as answering to the 
leaves of the embry’o : it has the negative merit 
of suggesting no misleading analogy.® 

21. Beyelopment of the Dicotyledonous Em- 
bryo, u e, the two-leaved embryo. This, in 
the Red Maple (Figs. 5-8), usually germinates 
in summer, shortly after the fruits of the season 
have matured and fallen to the ground. It 
differs from that of Sugar Maple in the crump- 
ling instead of coiling of the cotyledons m the 
seed. Referring the whole physiology’^ of ger- 
mination to that part of the work which treats 
of Vegetable Phy’siology, the development of 
the embryo into the seedling may here be described, taking that of 
a Maple for a convenient type or pattern, with which other forms 



^ Linuffius caUed it Rosteflum, a name which, being etymologically mean- 
^ is not misleading. The French botanists named it 

Tiyel^, diminutive of ttge, stem: but some (like Mirbel) applied the term to 
the developing axis above the cotyledons; others, to the early axis both 
above and below them. The name Radicula originated with Gaertner. 

The x^m^C^yhdim, which was adopted by Lmnaus, is a Greek word 
for a ^p^haped hollow or cavity, also for a plant with thickish and saucet*' 
flha^d l^ves. It was primarily applied to the thickened « lobes'" of the 
embryo, the fohaceous nature of which was not recognized 

^ ^ ^ Waple (Acer mhnwuV with hodv 

1 ft exbra^ and divided, to show the emhwo wltiSS^ 
T, pwtlv unfolded, a !Drahryo In early stage of gcrmlrnti 
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may afterward be compared. The first growth is seen iii the 
elongation of the radicle or caulicle, and its assumption, as far" as 
possible, of a vertical position, and the production of a root from 
the naked end. As it emerges from the seed in consequence of 
this elongation, the root-end of the caulicle points downward into 
the soil, the caulicle bending, if need be, to assume this position ; 
and the nascent root, partakmg of this disposition, grows in a 
downward direction. Hence the root has been called the Descend- 
ing Axis of the plant. While this avoids, the opposite or budding 
end (as it may be termed) seeks the light, and when free takes 
an upwaixi direction. The result of this, and of the elongation 
of the caulicle, is to carry the budding end out of the soil and 
into the air, where the growing cotyledons unfold or expand and 
become the first leaves, or Seed-leaues. This initial stem and its 
continuation therefore constitutes the Ascending Axis. If the 
budding end happen to he pointing downward and the root-end 
upward in the ground when germination begins, both will curve 
quite round, as the}^ grow, to assume their appropriate directions. 
If obstacles interrene, each will take as nearly as possible its 
wonted direction, through an instinctive tendency and action, 
which insures that each part of the plant shall be developed in 
its fit medium, — the root in the dark and moist earth, the stem 
and leaves in the light and air. 


22. The plantlet, thus established, has now all the essential 


Organs of Vegetation^ as they are called, 
i. e. root, stem, and leaves. Its subse- 
quent development, so far as vegetation 
(apart from proper reproduction) is con- 
cerned, consists in the addition of more 
of these, until the whole herb, shrub, or 
tree is built up. 

23. In Maples (as in the Morning Glory, 
Fig. 16, and many others) the embryo in 
the seed, and until after the full develop- 
ment of its cotyledons or seed-leaves, 
shows no rudiments of the subsequent 
growth. The embrj^o grows into the plant- 
let wholly by the appropriation of prepared 
nourishing matter which was provided by 



the mother-plant and stored in the seed, — in the case of tite 


Maple, wholly in the embryo itself, mainly in its 


FIG. 9 Maple eaihryo 46V^op<»d into ptanUet of oiie pl^Ttoiaer^ svd 
mUmwiteof tbeaeoonrti the low posttoa covered Wk 
nakcuUKution alMtvefetUBoaelwUi. r' T l 
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After this is consumed and in good part converted into struc- 
ture, the plantlet must by the action of its root and leaves imbibe 
from the soil and air appropriate materials, and 
assimilate them into nourishing matter needM 
for further growth. ^ Only then does the rudi- 
ment of new structure appear, in the form of a 
gi'owmg point, or bud, at the node or apex of 
the ]3rimitive stemlet, between the two seed- 
leaves. In this case it soon shows itself as 
a second pair of leaves, at first resting on 
the node (Fig. 9), next as somewhat upraised 
by the development of the second intemode 
(Fig. 10, summit), and finally both this inter- 
node and the pair of leaves complete their 
growth (Fig. 11). Then the terminal bud 
which crowns the second node develops in 
the same way the third pair of leaves and 
their supporting intemode or joint of stem 
(Fig. 12) ; and so on. ^ 

24. The root and the stem grow not only 
in opposite directions, but in a different mode. 
The primordial stem, pre-existing in the seed 
(though at first it may be extremely short) 
grows throughout its whole length, but most 
in its upper part, so that it may become a 
stemlet two or three inches long. But, soon 
attaining its full growth as to length, the 
stem is carried upwards by the subsequent joints or portions, 
similarly developed and elongated, one after the other. Not 
that each portion necessarily waits until the growth of its prede- 
cessor is complete, — though this occurs at first in seedling Maples 
and other embryos unprovided with much store of food, — yet the 
development follows this course and order of succession. The 
root, on* the contrary, cannot be said to pre-exist in the seed, or 
at most it may be said to exist potentially in tissue of the cauliclo 
from which a root or roots normally originate.^ It is formed 

1 Yet from nothing which is special to this part of the embryo, nor to the 
embryo at all. The primary root is developed from subjacent tissue of the 
tip of fixe caulicle, just as it is sometimes developed from along the sides, 
and as secondary roots are from all or most stems under favoring conditions. 
This complete similarity, and the fact of what is called the endogenous 
origin of roots (t e. tly^^springing from subjacent rather than superficial 
H^Bue) appear fuUy to'Varrant the statement in the text above. 

Maple plantlet with second Intemode developing. 11. Same with second 
mdr of leaves complete, and bud of the ^ 





OF THE EMBRYO AND SBEDLUSTG. 


13^ 


in the process of germination, and originates in tissue just back 
of that which covers the root-end of the caulicle, and which, 
being carried forward by the subjacent 
formation (to which it becomes a sort of 
cap or sheath) , is called the Root-cap. 

As the primary root thus began by a 
new and local growth at the extremity 
of pre-existing stem, so it goes on to 
grow in length wholly or mainly by a 
continuation of this formation, the new 
at the end of the old. That is, the 
root elongates by cJbntinual minute 
increment of its apex or near it, the 
formed parts very soon ceasing to 
lengthen. This is in marked distinc- 
tion from stem, which grows by suc- 
cessive individualized portions; and 
these portions (intemodes), at first 
very short, attain or are capable of 
attaining a considerable and sometimes 
verj" great, but. definitely terminable 
length, by interstitial growth through- 
out. Moreover, roots are naked, not 
producing as they grow either leaves 
or any organs homologous with leaves. 

They commonly branch or divide, but 
in a vague manner ; and their new parts bear what are called 
RooUhairs^ which greatly increase the absorbing surface ; other- 
wise they are destitute of appendages or organs. 

25. With the Maple embryo, here taken as a type, that ot 
^toning Glory, Ipomcea purpurea, or any of its kin, may next 
IjHpmpared. The cotyledons are different in shape, being as 
as long, and notched both at base and apex. They lie 
^^Hhtact in Fig. 14, and are very thin, leaf-like, and green 
^Hvcontained in the seed. Their thinnops ir ^ 1?-^ 

JKi fe a section of the crumpled affu xoiaed embryo, as it lies in 
Huiied, exactly divides them (passing through the terminal and 
notches^ and also the caulicle, which here is thicker than 
■MH The germination is similar to that of the Maple ; and like 
a.s Fig. 16 shows), and for the same reason, no bud or 
mt of the fiirther growth pre-exists in the embryo or 


three jeiivte of etem and pairs of leaves 
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EppeSiTs in th© young plantiet, until that has established itself^ 
and had time to elaborate proper material therefor. This con- 
dition is correlated with thin foliaceoiis 
cot 5 "ledons, holding no store of nourish- 
ment. Here they do not contain sufficient 
material for the development of the initial 
stem and root. The maternal provision 
for this is here stored up in the seed 
around but not within the embryo. This 
nourishing deposit, seen in the section 
(Fig. 13) filling the whole space between 
the seed-coats and the thin embryo, was 
named by the eaii 3 ’ botanists and vege- 
table anatomists |he Albumen of the seed.^ 
This substance, softened in geimination 
and by chemical changes rendered soluble, 
is gradually absorbed by the cotyledons 
as material for their growth and that of 
the developing piimary stem and root. 

26. Seeds in this regard are accordingly 
distinguished into albuminom and excd^ 
huminom^ those supplied with and those 
destitute of albumen. The difference 
inheres neither in the character nor in 
the amount of the maternal provision for the development of 
the embryo-plant, but merely in the storage. In exalbuminous 
seeds the nourishment supplied for this purpose is taken mto 
the embryo itself, mostly into the cotyledons, during the growth 
and before the maturity of the seed. In albuminous seeds 
this same material is deposited around or at least external to 
the embryo. 

27. The amount of this deposit is, in the main, inversely pro- 



1 Grew appears to have first applied this name, and Gaertner to 
it into hotany, where it remain^ 

and Bicha 

neither of them much better etymologically than the ofl 
But it must he kept in mind that it was intended to liken thi 
the seed with the albumen or white of an egg as a body'or i 
a chemical substance; the embryo being fancifully conceived 
gous to the yolk of the egg, the surrounding substance of this ! 
unnaturally took the name of the white, viz. albumen. 

FIO 13. S^on of seed of oommon Morning Glory, Ipomosa purpurea,] 
the Gontainedlambryo through the centre. 14 Bmbryo of same, detached anf 
ened. 13 Embryo In germination ; the cotyledons only partly detached tm 
of the seed. 16. Same, later and more dev^oped, the ootyl^ons 
spread as the first pair of leaves 

i ' 
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portional to the size and strength of the embiyo, or the degree 
of its development in the seed. A comparison of the various 
illustiations sufiSciently shows this. Figures 17 to 24 exhibit,’ 
in a few common - 
seeds, somewhat of ^ 
this relation, and 
also of the position L- 
and shape assumed Wr 
in some instances. \ 

The upper rank of 
figures represents 
sections of seeds ; 
the embrj’o left in 
white ; the albumen 
as a dotted surface. 

The lower rank shows the embiyos detached. That of Mkabilis 
has very broad and thin cotyledons, a caulicle of equal length, 
and the whole curv^ed round the albumen which thus occupies 
the centre of the seed. That of Potato is coiled in the midst 
of the albumen, is slender ^ the cotyledons narrowed down tq 
semi-cylindiical bodies, not leaf-like in appearance, and the two 
together not thicker than the caulicle. In Barberry the embiyo 
is straight, in the axis of the albumen, which it almost equals in 
length ; the cotyledons considerably broader than the caulicle, 
but short and thickish. That of the Peony is similar, but very 
much smaller, occupying a small space at one end of the albu- 
men, and seemingly without distinction of parts, but under the 
microscope and with some manipulation the broader end ia 
found to be divided, that is, to consist of two minifte cotyledons. 
The embryo of a Crowfoot is similar, but still more minute and 
the parts hardly to be distinguished ; and in some minute em- 
bryos there is no apparent distinction of parts until they develop 
in germination. 

28. The study of the fprmation of the embryo in the seed 
teaches that all embrj^os begin with a still more simple, minute, 
and homogeneous structure ; and these comparisons suffice to 
show that all such differences are referable to different degrees ** 
and somewhat different modes of the development of the embryo 
while yet in the seed. It also appears that the size and shape 


riO. 17 Section of »eed and contained embryo of MlrabUla (FomMMdocfcl 
18, Bmbryo detached entire. 

FIG* Section of a Potato-«eed. 20. Embryo detached entire. * 
air Section of BarlM^y-fleed, 22 Embryo detach^ entire 
28* Section of Eecmy-eeed. 24. Embryo Mtacihed entlm 
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of an organ do not indicate its nature, either in the embryo or 
in subsequent growth. But in all the cases yet mentioned the 

cotyledons actually demonstrate their 
nature by developmg in germination 
in a foliaceous manner and becoming 
the first leaves of the seedling. Nor 
is this nature much disguised by the 
fact that they differ greatly in form in 
different species, and that the seed- 
leaves, or developed cotyledons, differ 
much in shape and often in texture 
from the succeedmg leaves. (See Fig. 
11, 12, 25, &c.) 

29. To complete the comparison 
between the seedling Morning Glory 
and that of the Maple, it is to be 
noted that here, while the cotyledons 
or seed-leaves are two, the following 
intemode bears only one leaf (Fig, 25), as also will the just de- 
veloping third internode ; and this continues throughout up to 
the blossom : that is, the leaves subsequent 
to the cotyledons are not opposite as in the 
Maple, but alternate. (18.) 

30. All the preceding illustrations are from 
embryos which previous to germination have 
developed nothing beyond the cotyledons. In 
the following, a rudiment of fhrther growth, 





or a primary terminal bud, is visible in the seed. It is most 
manifest in large and strong embryos mih thick or fleshy cotyle- 

of Morning Glory, Wg. 16 , the root out awny, the 
above the cotyledons and Its leaf completed, the next Intemode and tta leat 

®«“«-''“>‘<>“«oolyledon removed, 

1* Cherry, showing the thloh cotyledons Uttle altered^ 

and the plnmule developing the earliest real foliage 
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dons, *. e, cotyledons well charged with nonrishing matter. The 
early vegetable physiologists gave to it the name of Plumule 
(Lat. plumula^ a little plume). The 
name was suggested by its appearance 
in such an embiyo as that of the bean 
(Phaseolus), in which it evidentl}- con- 
sists of a rudimentary pair of leaves, 
while in the pea and the acorn it is a 
rudimentaiy stem, the leaves of which 
appear only later, when germination 
has considerably advanced. In any 
case, the plumule is the bud of the 
ascending axis already discernible in 
the seed. Fig. 27, a, shows it m the 
almond, one cotyledon being removed. 

Fig. 28 shows it in the section of a 
similar although much smaller embiyo, 
that of an apple-seed, enlarged to 
nearly the size of the other. It is 
equally visible in the cherry, the bean, 
and the beechnut. . The embr^^o in all 
these cases constitutes the whole kernel 
of the seed. For the nourishment, 
which in all the foregoing illustrations 
except the first {i.e. in Fig. 13, 17-28), 
is deposited around or exterior to the 
embryo, is in these stored within it. 

31. The development of these em- 
bryos in germination proceeds in the 
normal manner, but with two cor- 
related peculiarities. First, by the 
lengthening of the radicle more or less, their thick cotyledons 
are usually raised to or above the surface of the soil; they 
expand, assume the green color needful to foliage; but they 
imperfectly or in a small degree ^leiform the fiinction of 
green leaves. Their tasuu otflce is to supply the other growing 
parts with the preparelj|#iourishment which they abundantly 
contain. Then, being thus copiously nourished, the root below 
and the ready-formed plumule above grow rapidly and strongly,* 
having accumulated capital to draw upon ; and the leaves of the 



no. 31. Beeclmat cat acrpso, filled by tbe fleehy embiyo; the thick cotyledons 
partly enfifiding each other. 82. Embryo of the same in early germtnatloE 33. Sme 
mom advanced; the plumule, which is Just emerging in the preceding, here dev^itped 
intoaloiiglntemodeandapilElTof leaves, w'* , , 

2 
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latter are practicallj the earliest efficient foliage of the plantlet. 
Thus, as in the germinating Cherry-seed (Fig. 30) , three or four 
intemodes of stem, with their leaves, may be produced before 
these leaves themselves are sufficiently developed to make any 
sensible contribution to this growth. And in the Beech and Bean, 



the leaves of the plumule come forward almost before the root 
has attached the plantlet to the soil. (Fig. 32, 35.) Between 
such cases and that of Maple and the l^e there are all degrees. 
There are also familiar cases in which the storage of nourishment 
In the cotyledons is carried to a masimiim, with results which 
gravely affiect the development. 


VIO. Si. The embryo (the whole kemd) of the BeaaL 85. Seme early ' 

xmiUon; the thick cotyledons expanding and lowing the plnmnle 86 Sanst^ more 
advanced In germination; the plnmnle developed into an intemode of stem beactag a 
pair of leaves 

FIG. 67. Embryo of Pea, t. e. a pea mhins Uie seed-coat. 38. Advanced geDst* 
iiation of the same 
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32. Thus, in the Pea, near relative of the Bean, the embryo 
(Fig. 37), which is the whole kernel of the seed, has the 
cotyledons so gorged with this nutritive 
store that they are hemispherical; and 
the acorn of the Oak (Fig. 89), near 
relative of the Beech, is in similar case. |l\ 

These extremely obese cotyledons have lsv\ 
not only lost all likeness to leaves, but aU 
power of fulfilling the oflftce of foliage, 1 

which is apparently no disadvantage ; for | 

when two different duties are performed 
by the same organ, it rarely performs both 
equally well. Here they become mere fl 

receptacles of prepared food, the nature 
and ofiSce of which is the same as of the 11 

albumen, or nutritive deposit exterior to /// 

the embryo in what are called albuminous 
seeds. (25-27.) The difference is in the 
place rather than in the chai-acter of the 
deposit. The plumule in such cases is 
always apparent before germination ; and \\ 

it develops even with more vigor than in \\ 

the preceding cases. It usually rises as a |i jMIlS 

stout stem of several intemodes lengthen- I'if.iilf Jr 

ing almost simultaneously, or at least the 
upper strongly developing long before the if 

lower have finished their growth; and M 

the latter are practically leafless, bearing ^ ISn^ 

only small and scale-like and useless ru- j| 

diments of leaves. This is correlated with mV 

the peculiarity that the caulicle does not /f 

lengthen in germination, or it lengthens u 

very slightly ; the cotyledons remain within f 

the coat%^ the seed; and if this were ^ 

buried bH^th the surface of the ground, there it remains. The 
earliest leaves of the plumule is in correlation 
gceom (i. e. underground) situation of the cotyle- 
out the germination. The slight elongation of the 
es merely to protrude its root-end firom the coats of 
in a downward direction, and from this a strong root 
is formed. 


Section of an aoom, Ailed by tbe embryo. 40. Advanced germbMkm oft 
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33. In some Gate, notably in our Live Oak (Quercus virens), 
and less so in the Horsechestnut, the two cotyledons coalesce or 

cohere by their contiguous faces. 
In some of these cases of hypo- 
gaeous germination, the short 
caulicle and plumule are extri- 
cated from the enclosing coats or 
husk by the development of short 
stalks ^tioles, 167) to the fleshy 
cotyledons , as is seen in Fig. 42, 
and in most germinating acorns. 
These petioles are not visible in 
the seed, but are the flrst develop- 
ment in germination. 

34. There are some curious 
cases in which, while the caulicle 
remains short and subterranean, 
the cotyledons are raised out of 
ground in germination by the 
formation of far longer stalks 
(petioles) than those of the 
Horsechestnut. A singularly disr 
guised instance of this kind is seen in Megarrhiza, a genus of 
Cucurbitaceous plants of California and Oregon, remarkable for 
their huge root. The large seed has very thick and fleshy 
cotyledons, and a very short and straight caulicle. In germi- 
nation, the whole seed is elevated, seemingly in the manner of 
the bean, upon a stout stem. One waits for a long time expect- 
ing to see the^tyledons throw off the bursting husk and expand, 
or else to put forth the plumule from between their bases. But 
at length the plumule makes its appearance from an unexpected 
place, coming separately out of the soil. Bemoving this, the 
state of things represented in Fig. 43 is presented, — ^that of 
the plumule seemingly originating from the base, instead of the 
apex, of an elongated caulicle ! But on examination of the cleft 
from which this proceeds, by making a section of the stem above 
(showing that it is hollow), and finally by separating ^e cotyle- 
dons and gently tearing apart the two iflxort stalks by which they 
are united to their stem-like support, it is found that ^e latter may 
be divided into two (as shown in Fig. 44), even down to the 
below. This explains the anomaly, ^e real caulicle has 



710. 4t Section of a Horaediestinit or Bn<S«e^ ceed. thron|i;li the rmf tbldQ 
coty^ledonp and the incarred caulicle. 4$. Seed In malnatton, showing the petUta 
l»thecotylodon8,&c 
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mained short and subterranean, and is confluent with the upper 
part of the thickening root : the seeming caulicle, which raised 
the cot^’ledons above the soil, consists 
of the petioles of these combined into 
a tubular stem-like body, no evident 
trace of which is visible in the seed, 
although in germination it attains the 
length of two or three inches : in age 
it is readily separable into the two 
leaf-stalks or petioles of which it is 
composed : the plumule is thus seen 
to be wholly noimal, originating from 
between the cotyledons. All the ex- 
tensive growth so far, and until the 
proper foliage-leaves of the continu- 
ation of the plumule are developed 
and begin their action, is from nutri- 
tive material stored in the thickened 
cotyledons, a considerable pait of 
which was transferred to the already 
enlarging root, before a remaining 
portion was used in building up the 
strong plumule. The economy of this 
elevation of cotyle- 
dons which never 
open, and of the 
lengthened distance 
through which the 
nutritive matter has 
to be carried, is not 
apparent. But it is 
the family habit in 
Cucurbitaceee to 
bring up the cotyle- 
dons that they may 
develop as leaves 
(as in the Pumpkin, 

Kg. 47) : here this 
elevation is brought 
about in a different way, but without securing the use:^! end^ 




' ^ It may be inferred 
wi|h thinner cotyledo: 
leaver in the manner 

^ no. 4^ 44. Peonliar 



descendant of some Cucurbit 

^mflnieition developed into lo 

next foUowing paragjrapha. 

l«a OaUfomioa; 
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35/ This same anomaly, as to the development of long stalks 
to the cotyledons and their union into a stem-like body, occurs in 
various species of Larkspur (notably in the Californian Delphin- 
ium nudicaule) ; but in these the cotyledons develop into a pair 
of eflScient green leaves. 



86. A similar elongation of petioles of the cotyledons, but 

without any union, occurs in a species of Morning Glory of the 
plains beyond the Mississippi (Ipomcea leptophylla) ; ^e leaf- 
like cotyledons coming up on their long stalks separately froxa 
the ground (F^;, 45) ; the developed plumule rising some 
time afterward them. Compare this with the ordinary 

species (25, Fig. 25) , and note that the difference is merely 

that the caulide in the common Morning Glory elongates and the 
petioles of the cotyledons remain short. 

87. In all instances thus far a single primary rpot so regularly 
develops from the lower end of the axis of the embryo (variously 
named radicle or caulide), and forms such a direct downward 

PIO, 46 <3«rminatlon of Ipomooa loptoplxyUs^? oaaUcle not dov^opina^^ 
plamnle and the petloled cotyledons zise from nndecground. Dotted line 
level of the soil. 

FIG 46 Embryo of a Pompldn, the cotyledons separated. 4/r. Same germinated? 
a clnster of roots horn the base of canUde. • 
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prolongation of it, that it was called the descending ftTria ; and 
the body from which it originates was named the radicle, on the 
supposition that 7t was itself the nascent root. But, as already 
explained, the so-called radicle grows in the manner of stem (24), 
and is morphologically that initial internode the node of which 
bears the first leaves or cotyledons. (20.) Let it now be noted 
that this descending axis or single primary root is far from 
$ universal. In Pumpkin, Squash, Echinocystis, and the like, 
the strong caulicle sends out directly from its root-end a cluster 
of roots or rootlets, of equal strength; L e., it strikes root in 
nearly the manner that a cutting does. (Fig. 47.) 

38. The Polycotyledonous Embryo is one having a whorl of 
more than two seed-leaves. The dicotyledonous embryo being 
a whorl of the very simplest kind, that is, with the 
members reduced to two, the polycotyledonous 
may be regarded as a variation of it. In all but 
one group of plants it is simply a variation, of 
casual occurrence, or even a monstrosity, in which 
three or rarely four cotyledons appear instead of 
two. In Pines (ITig. 48, 49), however, and in 
most but not aU Coniferae, a whorl of from 8 to 10 
cotyledons is the normal structure, varying accord- 
ing to the species, but of almost uniform number 
in each. In gennination these are brought out of 
the soil by the elongation of the caulicle, and when 

• the husk of the seed is thrown off they expand 
into a circle of needle-shaped leaves. In the Pine 
tribe, all the subsequent leaves are alternate (spiral) in arrange- 
ment, with some disguises. In the Cypress tribe,T;he cotyledons 
are fewer (not more than four, and more commonly only two), 
and the subsequent leaves also are in whorls of two to four ; 
i, e., are either opposite or verticiUate. From the occasional 
union at base of the cotyledons of a polycotyledonous embryo in 
pairs or groups, and from a study of their early development, 
Duchartre^ plausibly maintains that such cotyledons really consist 
of a single pair, parted into divisions or lobes. The ordinary 
interpretation, however, is equally tenable. 

39. The Monocotyledonous Embryo, although theoretically the 
simplest, is practically a more difficult study. It has a single 
cotyledon (as the name denotes) ; also a single leaf to each node 

i Ann. Sci Nat. ser. 3, x. 207. This view, wWch originated with Jussieu^ 
is adopted by Parlatore in DO. Frodr. rri. 

FIG. 48 Section of a seed of a Pine, withite embryo of sevend cotyledons. 4a. 
seedllnjf Fine, with Its fltemlet, displaying its si* seed-lesTes, 
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of the plumule ; that is, the leaves of the embryo are alternate. 
But the eaulide is usually Yexy short, and there is no external 



mark by which its limits may be distin- 
guished from the cotyledon, until germi- 
nation has begun. For a tj^pe of it, the 

® embryo of some aquatic or marsh plants 
may be taken, where it forms the whole 
kernel of the seed (Fig. 50-53) , and 
m the structure can be made out antecedent 


to germination. It is understood by supposing that the cotyle- 
don, which forms its principal bulk (the caulicle being only the 



veiy short thicMsh base) , is convolute around a short 
plumule, and the margins concreted, except a minute 
longitudinal chink at base, out of which the growing 
plumule protrudes in germination. The embryo of 
Iris may be similar in structure, but no distinction 
of parts is visible. It is very small in proportion to 
the size of the seed, the kernel being mostly albu- 
men, — a supply of food, from which the germinating 
embryo draws the materials of its growth. When 
this takes place, either the cotyledon or the whole 
embryo lengthens, its lower part is pushed out of the 
seed, a root forms at the free end of the excessively 
short caulicle, and the plumule develops fSrom the 
other in a series of one-leaved nodes, the intemodes 
of which remain so short that the leaves continue 
in dose contact, the bases of the older successively 
endosing the inner and younger. (Fig. 55.) Here» 
therefore, the cotyledon mainly remains in the seed, 
and the seed remains imderground (h 3 Tpogseous) . 

40. It is somewhat different in the Onion, which 
has a similar embryo, except that it is longer, and 
the cotyledon is curved in the albumen of the seed. 
The first stops are the same as in Iris ; but as soon 
as a root is formed and embedded in the soil, the 
cotyledon lengthens vastly more, into a long and 
filiform green leaf, which, taking an erect position, 


71G. 60. Seed of TriglooUn palustre; tlie rbaplie, leading to the strong dialasa at t]i;e 
summit, tamed towards the eye 61. The embryo detached fiom the seed-coats, showing 
the lon^tudinal chink at the base of the cotyledon; the short part below Is the radicle. 
62. Same, with the chink turned latently, and half the cotyledon cut away, bringing to 
Tlew the plpmule concealed within. 59. A cross-seotloxx through the plumuh^, more 
magnified. 

FIG. 51. Section of seed of Iris, enlarged, showing the sm^ and apparently simple 
embryo at the base of the albumen 65 Germinating seed and seedling of the tame, 
natural size. 
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carries np the light seed far above the surface of the Qf 
tip only remaining in the albumen of the seed until th. 
hausted, when the tip perishes and the emptied husk falls 
About this time the plumule shoots forth from one side of 
subterranean base of this cotyledonar leaf, in the fonn of a secona 


and similar filiform leaf, to be followed by a third, and so on. 
The sheathing bases of these succeeding leaves become the coats 
of the Onion-bulb. The intemodes remain undeveloped until the 
plant is ready to blossom. Very similar is the germination of 


a date-seed, except that the 
protruding cotyledon does 
not lengthen so much, nor 
does it elevate the heavy 
seed. Instead of the seed 
being carried up, the lower 
end of the embryo, contain- 




ing the plumule, is pushed down more or less into the loose 
soil, from which in time the developing plumule emerges. 

41. The embryo of Grasses, especially of those which yield 
the cereal grains, is more complex, owing mainly to the great de- 
velopment of the plumule 

aoad the manner in which l | ljj l | 

its rudimentary leaves |!njri|!!|| iillli'l! ||’|| 

successively endose each |;!ii||f * 

other. That of Maize or 1 'i’lll' H I!® lii’lir'" “ 

Indian Com, one of the ^ 

lai^est, is most convenient » « ’ 




for study. (Fig. 66-69.) The floury part of the seed, which 
makes most of its bulk, is the albumen, largely* composed of 
starch. The embryo is exterior to this, applied to one of its 
flat sides, and reaching from the thinner edge to or above the 
middle in the common variety of com here represented. The 
form of the embryo is best shown, detached entire, in Fig. 68 : 
its structure appears in the sectiona The outer part is the 
cotyledon, which incompletdy enwraps the plumule : it adheres 
dosdy to the albumen by the whole back, and rmnains un* 
changed in germination : its function is to absorb nutritive 


FIG. 66* Soctloxi, flatwise, of a jsrain of Indian Corn, dividing the alhntoen and the 
embryo, 67. Similar section at right angles to the first 68. A detached embryo: 
correspondmg parts of Fig 67 and 68 indicated by dotted lines. 

PIG. 59 Vertical section of Indian Com across tbe tbicknees of the gmixh, dividing 
the embryo throngh tbe centre and displaying its parts ; & cotyledon j p. vtvmale i 
r, the radicle or canhcle, » -r s-, » 

PIG. 60. Similar section of grain of rice. 61. Saxne of an oat>gr8dn : Ihe nttria 
ssinPIg.eo. ^ 
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carries up the light seed far above the surface of the ground, tfae 
tip only remaining in the albumen of the seed until t& 3 «t is 
hausted, when the tip perishes and the emptied husk falls av/ay. 
About this time the plumule shoots forth from one side of 'i-he 
subterranean base of this cotyledonar leaf, in the form of a secon^^ 
and similar filiform leaf, to be followed by a third, and so on. 
The sheathing bases of these succeeding leaves become the coats 
of the Onion-bulb. The intemodes remain undeveloped until the 
plant is ready to blossom. Very similar is the germination of 
a date-seed, except that the 

protrudmg cotyledon does ^ 

not lengthen so much, nor jlk 

does it elevate the heavy flin'i'iff ilr i 

seed. Instead of the seed Wliii''*' |!i|!ir If ''!!!*'■¥ 1 

being carried up, the lower lii./iMiliy gCiSK -- 

end of the embryo, contain- ^ w 58 

ing the plumule, is pushed down more or less into the loose 
soil, from which in time the developing plumule emea^es. 

41. The embryo of Grasses, especially of those which yield 
the cereal grains, is more complex, owing mainly to the great de- 
velopment of the plumule ilf .SSl 

and the manner in which | 1^!''!® Mm 

its rudimentary leaves (Mil ||jl| ij 1 fj | |::|i I j|l . 

successively enclose each ^ ’i 1 ml fe- isii !■' 

other. That of Maize or f'llr r 

Indian Com, one of the ^ 

largest, is most convenient ® eo « 

for sftudy. (Fig. 56-69.) TKe floury part of the seed, whidh 
makes most of its bulk, is the albumen, largely* composed of 
starch. The embryo is exterior to this, applied to one of its 
flat sides, and reaching from the thinner edge to or above the 
middle in the common variety of com here represented. The 
form of the embryo is best shown, detached entire, in Fig. 68 ; 
its structure appears in the sections. The outer part is the 
cotyledon, which incompletely enwraps the plumule : it adheres 
closely to the albumen by the whole back, and remains un- 
changed in germination : its function is to absorb nutritive 


iiiii 


FIG. 56. Section, flatwise, of a grain of Indian Corn, dlyiding tbe albumen and the 
embxyo. 67. Similar section at right angles to the first, 58. A detached embryo ; 
corresponding parts of Fig 67 and 68 indicated by dotted lines. 

FIG. 69 Vertical section of Indian Com across the thickness of the grain, dividing 
the embryo throngh the centre and displaying its parts : c, cotyledon ; p. plwxmle ; 
r, the radidle or canllcle. 

FIG. 60. Similar section of grain of rtce. 61. Same of an oat-graln; thepsi|rte 
as in Fig. 60. 
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Matter by the albumen, and to transmit it to the 

^winfi»^liuniile. The plumule consists of a succession of 
® ^ ^ rudimentary leaves, sheathing 

K (\ and enclosing one another, on 

W /'/I \l summit of a ver}' short 

W / lit \\ which is mainly the 

caulicle, otherwise called rad- 
ii This is completely en- 

closed by a basal portion of 

ilf \\ cotyledon and of the 

||r jl outermost leaf of the plu- 

M IK mule, which form a peculiar 

Vi |k sheath for it, named the 

III QoUorMza^ i. e. root-sheath : 

consequently the first root or 
I t ^ roots have to break through 

covering. As in the Oak 

r and Pea (32), the very first or 
L /y ^ outermost leaves of the plu- 
^ mule develop imperfectly and not into 

efficient foliage. The one in Fig. 62, 
ih ^ which encloses the rest in the early 

^ f behind as a mere sheath 

^^7 iio the base of the following and more 
\ perfect leaves : it is the same as the 

« ' lowest in Fig. 63. The leaves are first 

developed : the intemodes lengthen later, and the lowest lengthen 
very little. Not rarely the first root starts singly from the tip of 
the caulicle t|Fig. 62, just as in Fig. 55) ; but others of equal 
strength follow from any part of the caulicle, and soon from 
the nodes above ; and no tap-root is ever formed. 

42. A Pseudo-monocotyledonous embryo occasionally occurs ; 
that is, one of the dicotyledonous type, of which one cotyledon is 
wanting through abortion. This occurs in Abronia, a genus 
related to Mirabilis, and bearing an embryo very similar to that 
represented in Fig. 17, 18, except that one cotyledon is absent. 
The anomaly of an acotyledonous embryo occurs in Dodder^ a 
plant of the dicotyledonous type, but with both ootyledbns 


>1 This, the Cdeorhvse of Mirbel^ should not be confounded (as by ^xne It 
has been) with the *‘root-cap,” or tissue which ordinary roots (wfteiiet 
primary or secondary) break throng in thrir developmssit or carry on 
their apex. 

FIG. 62 Early germination of Indian Oom. 68. More advanoed-fSVithi^to of 
same : roots produced from portion of stem ahOTe tbecotyledon as weH * • 
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actually wanting, — a correlation with its parasitic mode of life. 
(64, Fig. 78.) 

43. The dicolyledonous and the monocolyledonous character 
of the embryo is correlated with profound differences in the whole 
ulterior development, as revealed in the structure of the stem, 
leaves, and flower ; which differences mark the two great divisions 
of Phsenogamous plants, viz. Dicotyledones or Dicotyledonous 
Plants, and Monoootylbdones or Monocotyledonous Plants, 
— names introduced into classification by Ray, and adopted by 
A. L. Jussieu, in his Genera Plantarum. 


CHAPTER III. 

MORPHOLOGY AND STEUOTURB OF THE OBGAHS OF THE 
PLANT IN VEGETATION. 


Section I. Op the Root. • 


44. The Boot, which has been called the descendmg axis, is 
that portion of the body of the plant which grows downward, 
ordinarily fixing the vegetable to the soil, and absorbing from it 
materials which the plant may elaborate into nourishment. , As 
already stated (24) , the root grows in length by continuous 
additions of new fabric to its lower extremity, elojigating from 


that part only or chiefiy ; so that the tip of 
a growing root always consists of the most 
newly formed and active tissue. It normally 
begins, in germination, at the root-end of the 
eaulicle, or so called radicle. But roots soon 
proceed, or may proceed, from other parts of 
the stem, when this is favorably situated for 
their production. The root does not grow 
from its naked apex, but from a stratum 
iinmediately behind it : consequently its blunt 





nical advancing tip consists of older, firmer, and 
tissue. The lip of aU secondary roots and rootlets 


dd Up of root of a Boedling Maple (suclx as lix Pig. 9), sufftdenffif 
ceUtdar stmotnre: a. the portion ^rtiere gtowlSh 4a ta^n^' 
jJAIlnner tip. - ^ 
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is similarly capped or protected.^ But the so-called rooUcap is 
seldom so distinct or separable as to deserve a particular name. 

45. Nature of Gro^, Cells. The development and growth of 
the root, as of other organs, results from the development, 
growth, and increase in number of certain minute parts, of which 
the plant is built up. These component parts are so much alike, 
at least in an early stage, and are so obviously formed all on 
one type, that they take one common name, that of Cells. 
These are the histological elements of plants, e. e, the units of 
ininute anatomical structure. While, in the moiphology of the 
plant’s obvious organs, analysis brings us to the phytomer (16) 
as the individual element which by a kind of propagation 
produces its like in a second ph}i:omer, remaining however in 
connection with the first, thus building up the general structure, 
so, in an analogous waj", each of the ob\ious parts — each stalk 
or blade or rootlet — is microscopically determined to be com- 
posed of these (iltimate organic units, generally called cells- 

The ceU (ceUula^ by the French 
convenient^ termed cellule) is the 
living vegetable unit, in the same 
sense that the brick is the unit 
of a brick edifice. To make this 
analogy fairly complete, the 
bricks should be imagined to 
have a firm eseterior or shell, 
and a soft or at length hollow 
interior, also to be living when 
incorporated into the structure, 
and finally to be produced in the 
forming structure by a kind of 
propagation. The production or 
increase in number of these colls by development from previous 
ones, and their successive increase in size up to maturity, are 
what constitutes vegetable growths The inspection through a 



1 The notion that the tip of the root consists of delicate forming or 
newly formed tissue, or hears some organ or structure of this nature (a 

has hardly yet been eliminated from the text-books and popular 
wrhangs. It had no proper fonndaUon in fact. 

In Zejwna, and in some other aquatics, and also in some aerial rocia tUi 
older tissue often separates into a real root-cap, free at belike an 
calyptra. ^ 

2 This, as to the sfructure, is the subject of Bistdogg,^ 
actions, the subject of PhgMogg} both to be taeiated in a »r- 

HG. 65, 66. Portions of sarftioe of Bla, 61 inSSk msAilflsa. " ^ 
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simple microscope of a slender young root, and of thin slices 
* » immersed in water, may serve to give a general though 
^ ^ Ui ui^O<».ttig^vegetable cellular structure, sufficient for the 
pi purik<|iei^||«>pts are naked ; that is, the^'' bear no other 
n||kend oif branches, these originate from the 
iS^^iots originate from the stem ; and in both 
cases witfiio6t’"iM|cl^ predetermined order. The ultimate and 
verj" slender branches are sometimes called root-fibrils; but 
these are only delicate ramifications of the root. Like any 
other part of the plant, however, roots ma}^ produce hairs or 
such like growths from the surface, which are wholly distinct 
from branches. (883.) 

/46. Boot-hairs. Roots absorb water, &c., from the soil by 
imbibition through the suiface ; that is, through the walls of the 
cells, which are in a certain sense permeable to fluids, more readily 
when 3 ’oung and tender, less so when older and firmer. Roots, 
ffierefore, absorb most by their fresh tips and adjacent parts ; 
and these are continually renewed in growth and extended fur- 
ther into the soil. As the active surface of a plant above ground 
is enormously increased by the spread of foliage, so in a less 
degree is the absorbing surface of ^^oung roots increased by the 
production of root-hairs. (Fig. 64, upper part, and more magni- 
fied in Fig. 65, 66.) These are attenuated outgrowths of some 
part of the superficial cells into capillary tubes (only one from ‘ 
each cell), closed at the tip, but the calibre at base continuous 
with the cavity of the cell ; into which, therefore, whatever is 
imbibed through the thin wall may freely pass. These appear 
(as Fig. 64 shows) at a certain distance behind the root-tip. 
Further back the older or effete root-hairs die away*as the cells 
which bear them thicken into a firmer epidermis. 

47. To the general statement that roots give birth to no other 
organs, there is this abnormal, but by no means unusual excep- 
tion, ti^t of producing buds, and therefore of sending up leafy 
branches. Although not naturally fhmished with buds in the 
manner of the stem, yet many roots have the power of originat- 
ing them under certain mrcuinstances, and some produce them 
habitually. Thus Apple-trees and Poplars send up shoots 

the ground, especially when the superficial roots are wound^. 
And the roots of Maolura or Osage Orange so readify \ 

Ml3s that tile tree is commonly propagated by root-ontlings^ ^ 

48. Kinds of Boobu The root, commonly which < 

nates from the embryo is called the Planum Roo«/r “ 
-Roots wd later ^ 

■ .jiiji. - ^ I .Ti .I' .idirii 

,0V elcwirl) 
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latter are as nomal as the primary root; that is, to stems 
so situated that the}" can produce them. Most creeping plants 
emit them freely, usually from the nodes; and so do^ni'^st 
branches, not too old, when bent to the ground ana covered 
with earth, thus securing the requisite moisture and darkness. 
Separate pieces of young stems “ (cuttings) can commonly be 
made to strike root. Upon this faculty of stems to originate 
roots depends all propagation by division, by lajung or layering, 
by cuttings, &c. It is mainl}’’ annuals and common trees that 
naturally depend on the primary root ; and most of these can be 
made to produce secondary roots. Even leaves and leaf-stalks 
of some plants may be made to strike root and be used as 
cuttings. (77.) 

/ 49. Duration. By differences in respect to this, either the 
root or the plant, as the case may be, is distinguished into 
Annual^ Biennial^ or Perennial^ accor^ng to whether life is contin- 
ued for a single year or season, for two, or for a greater number. 
The difference is not in all cases absolute or even well marked. 

50. Annuals are plants which, springing from the seed, flower 
and seed the same year or season, and die at or before its close. 
They produce roots, either directly from the embryo and 
succeeding joints of stem (as in Grasses, Fig. 63) , or from a 
persistent primary or tap-root^ more or less thickened into a tnmk 
or divided into branches- The products of vegetation in all such 
herbs are not stored in subterranean or other reservoirs, but are 
expended directly in new vegetative growth, in the production 
of blossom, and finally in flic maturation of fhiit and seed. 
This completed, the exhausted and not at all replenished indi- 
vidual perislfes. 




61. But some annuals may have their existence prolonged by 
not allowing them to blossom or seed. Others, with prostrate 
stem or branches, may from these produce secondary roots, 
which, forming new connections with the soil, enable the newer 
growth to survive when the older parts with the original root 
have perished. And m&y herbs, naturally annuals, are continued 
from year to year through such propagation firom the branches, 


used as layers or euttings. Moreover, oertein plants (sudbi as 
Bjfiinus Or Castor-oil -Plant), which are pirennial or even 
rescent in watin-cliinates to which they belong, become 
in temperate cliihates, early perishing lyy autumnal ooldt- , 

52. The annuals of cool climates, where growth 
ceases in winto, germinate in s]pa;^, mature, and die to 
autumn. But, in climates with Ossimaratively warm ' anrf 
winter and rainless summer, many geraSnate in autumn, veg^ta 
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throlH|t^e winter, flower and seed in spring, and perish in 
early sSiner. These may he termed Winter Attnuals. 

*53. Biennials are plants which, springing from the seed and 
vegetating in one season, live through the interruption of winter, 
and blossom, fhictify, and perish in the next growing season ; 
their life being thus divided into two stages, the first of vegeta- 
tion, the second of ftuctification. In typical biennials, nearly 
the whole work of vegetation is accomplished in the first stage, 
with the result of accumulation of a stock of nutritive matter, 
to be expended in the second stage in the production of blossom 
and seed. This accumulation is usually stored in the root or in 
the base of a very short stem in connection with the root. The 
root of a biennial accordingly enlarges and becomes fleshy, or 
obese, as this matter accumulates. At the dose of the growing 
season, — the leaves perishing and the 
stem having remained veiy short (with 
undeveloped intemodes), — the root, 
crowned with the bud or buds, contains 
the main result of the summer’s work, 
as provision for the next year’s devel- 
opment and the completion of the 
cycle. This development, being thus 
amply provided for, is undertaken in 
spring with great vigor ; blossom, fruit, 
and seed are rapidly produced; and 
the stods: being consumed, but not at 
all replenished, the cells of the great 
root are now empty and effete, and 
the individual perishes. The Beet, 

Tm aip, P arsnip, and Cayrot are fa- 
miliar examples of biennials, with th^ 
store of nourishment in the jootA^ \^ ^ er 
The* Eohl-rabi is a biemoial with this deposit in the stem: 
the Cabbage, partly in the stem, partly in the head of leaves. 



1 In these the oaulicle enlarges with the root, so that the upper and 
hud-hearing end is stem. 

Tap-roots of this klnd^ said, in descriptive botany, to be ^ 

or SpindleJmlf^d, when broader in the middle and teiperiM^ 
» both ends, as in the common Badish (Fig. 67); 

\ when tapering regularly from base to tip, as in oairots^j&o. ; 

(t, i. e. when the thickened part is wider thiy 

I Boots are those which form in clusters ; these may be riiM# or 
^When much thickened, either irregularly or iw ^ 

^ are said to be ^'T 

FTP, (57. Bam&: Vfto^lbrmtap-ro6t* 
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54. But some plants, such as the Radish, which when they 
spring from seed in autumn are true biennials, will when raised 
in spring pass on directly to the flowering stage in summer, or 
when sown after the warm season begins will often ran through 
their course as annuals. Then there are various biennials which 
thicken the root very little and hold their leaves through the 
winter. Between these and winter annuals no clear demarcation 
can be drawn. As respects annual and biennial duration, the 
terms may for the most part be applied indiscriminately to the 
plant or to the root. We may say cither that the plant is a 
biennial, or that its root is biennial. 

« 55. Perennials are plants which live and blossom or fhictiiy 
year after year. They may or they may not have perennial 

roots. In trees and shrubs, also in 
herbs with growth from year to year 
from a strong tap-root, the root 
is natoally perennial. But in most 
perennials with only fibrous roots, 
these are produced anew from time 
to time or from year to year. Also, 
while some such roots remain fibrous 
and serve only for absoiption, others 
may thicken in the manner of the 
ordinaiy biennial root and serve a 
similar use, t. 6. become reservoirs of 
elaborated nourishment. The Dahlia 
(Fig. G8) and the Peony afford good 
examples of this. Sweet potato is 
another instance.^ Most such roots 
have only a biennial duration : they 
are produced in one growing season ; they yield their store to 
form or aid the growth of the next. When perennials store up 
nutritive matter underground, the deposit is more commonly 
made in a subterranean portion of the stem, in tubers^ corms, 
bulbs, &c. (See U5-122.) h., 

56. Ihe distinction between annuals and biennials is at times 
so diflScult, and the particular in which they agree so manifest, 

— namely*, that of blossoming only once, then dying, as it were 
by exhaustion, — that it was proposed by DeCandolle to xmite 

~ .mmmi ■ I i ,1 . i i I |,i|i , 

^ It is onlj by the readinesa of this root to produce adrentitiioas bo4a * 
especially from its upper part, that it has been mistaken for a tu;be^^ 
as the common potato. 

STG. 68. Fasoldledsiul tal>eioiisor fUsiform (secondary) toots of nablla: IMi 

•on base of the stem 
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of Monocaepio plants, 
e of only once-fruiting 
the corresponding term 
ally many-fruited, taken 

in the of many-times fruiting.^ 

57. But the distinction even here is no more absolute than 
that between annuals and biennials. For example, it is not 
quite clear whether the Cardinal Flower and related species of 
Lobelia should be ranked as annuals, biennials, or perennials. 
The plants may blossom and seed toward the end of the season 
in winch they came from seed ; or, germinated in autumn, the 
small seedlings may sursdve the winter ; .but whenever fructified 
the fibrous-rooted mother plant dies throughout ; yet usually not 
before it has established, and perhaps detached from the base, 
small offsets to blossom the next season ; and so on. Then 
Houseleeks (Sempervdvum) and such-like fibrous-rooted succu- 
lent plants multiply freely by offsets which are truly perennial 
in the sense that they live and grow for a few or several years ; 
but when at length a fiowermg stem is sent up producing blos- 
som and seed, that plant dies as completely and in the same 
manner as any biennial, only the generation of offsets surviving. 
The same is true of the Century plant (Agave Americana, 
wrongly denominated American Aloe), which vegetates in the 
manner of the accumulating stage of a biennial, except that 
this continues for several or very many years, while the fiower- 
ing stage, when it arrives, is precipitated and terminated in a 
single season. 

68. Although the stem usually sends forth roots only when 
covered by or resting on the soil, which affords congenial dark- 
ness and moisture, yet these are in some cases produced in the 
open air. Roots may likewise subserve other and more special 
uses than the absorption of crude or the storing of elaborated 
nourishment. 


thi'tfi«| 
of PoijrdAni 


lie common appellation 

E ?, taken in the sens 
ignate perennials by 
ntce polycarpiccs^ litei 


59. Aerial Boots is a general name for those which are pro- 
duced in the open air. One class of these may serve the office 
of ordinary roots, by descending to the ground and becoming 
established in the soil. This occurs, on a small scale, in the 
stems of Indian Com ; the lower nodes emitting roow which 


grow to the length of several inches before they reach the 


6 terms or some equivalents have a convenience in deacitipl; 
®ut those employed by BeCandoUe are not happily j 

n said. Mmiftocxm (bearing progeny once) and 
y times) would be more appropriate. ' ^ 
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into wliicli they penetrate. More remarkable case'3 abound in 
those tropical regions where the sultry air, saturate 1 with moist- 
ure for a large part of the yeai', favors the utmost luxui-iance of 
vegetation. In the Palm-like Fandanus or Screw-Pine ^ (Fig. 
69), very strong roots, emitted in the open an* from the trunk, 

’ and soon reaching 

the soil, give the 
appearance of a 4i‘ee 
paa*tially raised out 
of the gi’ound. The 
famous Banyan-tree 
of India (Fig. 71) ia 
a still more striking 
illustration ; for the 
aerial roots stiike 
j&om the homontal 
branches of the tree, 
often at a great 
height, at first swing- 
ing free in the air, 
but finally reach- 
ing and establishing 
themselves in the 
ground, where they 
increase in diameter 
and form accessory 
trunks, surrounding 
the original bole and supporting the wide-spread canopy of 
branches and foliage. Very similar is the economy of the Man- 
grove (Fig. 70), which forms impenetrable thickets on low and 
muddy sea-shores in the tropics throughout most parts of the 
world, extending even to the coast of Florida and Louisiana. 
Here aerial roots spring not only from the main trunk, as in 
the Pandanus, but also from the branchlets, as in the Banyan. 
Even the radicle of the embryo starts into growth, protrudes, 
and attains considerable length while the fhrit is still attached to 
the branch. 

59". Aerial BootletB for cUmbing are familiar in the Ivy of the 
Old World (Hedera), Trumpet-Creeper (Tecomaradicans), and 
onr Poison Ivy (Rhus Toxicodendron) ; by ttie adhSfdon of 

- I .1 .1.111 I . ,l|l. u ,. 

^ So named, not from any reaemblance to a Ptqie^tree, but Ibroia a Ifte- 
ness of the foliage to that of a Pme-Apple. 

TIG. 69. Pandaniis, or Sor«w-Plxie| add tn the hadkgronnd^ 70, a MangvoTWee 
iRhleophora Mangle). 
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which the stems, as they grow, ascend walls and the trunks of 
trees with facility. In Rhus a superabundance of these rootlets 
is produced, thickly covering all sides of the stem. 



60. Epiphytes or Air-Plants also have roots ^which are through- 
out life unconnected with the ground. Epiphytes^ or Epiphytic 
plants, as the name denotes, are such as grow upon other plants 
without taking nourishment fi:om them. Deriving this from the 
air alone, they are called Air-plants. This name might be 
extended to the same or other kinds of plants attaching them- 
selves to bare walls, rocks, and the like, and unconnected with 
the soil, though such would not technically be epiphytes. Very 
many Lichens, Mosses, and other plants of the lower grade, and 
not a few phmnogamous plants, are in this case. The greater 
pai-t of the phmnogamous Epiphytes pertain to two monocotyle- 
donous orders, tire Orchis family and that to which the Pine- 
Apple belongs, viz. the Bromeliacete. Their thread-like or 
cord-like simple roots either adhere to the bark of the supporting 
tree, securing the plant in its position, or some hang loose in the 
air. Of these. Orchids, L e. plants of the Orchis family, are the 
most showy and numerous, and of the greatest variety of forms, 
especially of their blossoms, which are oflben bizarre and fantas- 
tic. They belong, naturally, to climates which axe both warm 
tod humid ; they are highly prized in hot-house cultivation ; 
and, along with the hardy and terrestrial portion of -the ordeti 
they axe peculiarly interesting to the botanist on account of the ^ 
tfngular and exquisite adaptation of their flowers in 
to, insects which visit them. In some the blossoms otu’Ml®': * * 

w 

FIG. 71. XheB«ny«a-Wee,ormdtoFlf , 
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resemble butterflies or other insects ; as, for example, Oncidium 
Papilio, Fig. 72. Epiphytic orchids are indigenous to the United 
States only from Georgia to Texas, and only in humble forms, 
in company with species of Tillandsia, representing Bromeliace- 
ous epiphytes. The commonest of the latter tiibe, and of most 
northern range, is the T. usneoides, the so-called Long Moss, 
which, pendent in long and tangled gray clusters or festoons from 
the branches of the Live-Oak or Long-leaved Pine, gives such a 
peculiar and sombre aspect to the forests of the warmer portions 
of our Southern States. 72 



73 


^ 61- Parasitic Plants have the peculiarity that their roots, or 
what answer to roots, not only fix themselves to other plants, 
but draw therefrom their nourishment, at least in part. Among 
oryptogamous plants very many Fungi are parasitic upon or 
within living plants or animals. But only phsenogamous para- 
sites are here under consideration. These may be divided into 
two classes ; those with and those without green foliage,. 

62. Green Parasites may be either wholly or partially parasitic^f 
that is, they may draw all their support from a foster plant, <k 


mo 72. Oncldlnm Papillo, and, 7>, Comparettia rosea ; two rtiowy epipMai of tbe 
OxoIilB showing the mode In which these Alr-plante grow. 
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they may be likewise rooted in the soil, and receive from it 
materials of their food. Having green foliage, they are capable 
of elaborating such food, whether taken directly from the soil or 
from the crude sap of the foster plant. The Mistletoes (Viscum 
and its allies) are the principal examples of complete green 
parasitic plants. Seeds dropped by birds on the boughs of trees 
germinate there ; the root-end of the caulicle points thither instead 
of towaids the earth ; the root, or what would be such, pene- 
trates the bark and in- 
corporates itself with the 
sap-wood so perfectly 
that the junction of par- 
asite with foster trunk 
is like that of branch 
with parent trunk. The 
parasite is probably fed 
by both elaborated and 
crude sap, that is, both 
by what the foster tree 
has assimilated and 
what it has merely taken 
jQrom the soil and air: 
the former it can at once 
incorporate; the latter 
it has first to assimilate 
in its own green leaves. 

Sometimes one Mistleto 
is parasitic upon an- 
other of the same or of 
a different species. 

^ 63. Partially parasitic plants (mostly green) maybe eitherwoody 
and arborescent or herbaceous. The species of Clusia in tropical 




FIG. 74. Native epiphytei of Georgia, 4to. : the erect one at the rtgJjt an 
Stpldeiidram oonopeeum ; the hanging one Tillandela nsneoldee, called iLoag hMi* V* 
FIG. 70. Boeta of Gerardia flava? some of the rooitote 
iitloany totheroetofa39ft^^ (From a drawlnyhy ^ * i W 
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^ America (called Cursed Fig) are examples of the former. They 
form trees, send down aerial roots in the manner of the Banyan ; 
but, while some roots seek the ground, some may attach them- 
selves to other trees parasitically, and draw from them a portion 
of their support. The parasitism of certain herbaceous plants 
with green foliage is clandestine, the connection being under- 
ground and therefore long unsuspected. This occurs in species 

of Gerardia (at least of the section 
Dasystoma) and other plants of the 
same family, the uncultivability of 
which is thereby explained. Also 
in Comandra and in their relatives 
the Thesiums of the Old World, 
belonging to a natural order (the Santalacese) which has much 
afl9ni1y with the entirely parasitic order (Loranthacese) to which 
the Mistleto belongs. 

64. Pale or Colored Parasites^ such as Beech-Drops, Hne-Sap, 
&c., are those which are destitute of green herbage, and are 

usually of a white, tawny, or reddish 
hue ; in fact, of any color except 
green. These strike their roots, or 
sucker-shaped discs, into the bark, 
mostly that of the root, of other 
plants, and thence draw theu: food 
firom the sap already elaborated. 
They have accordingly no occasion 
for digestive oi^ans of their own, 
i, e, for green foliage. The Dodder 
(Fig. 77) is a common plant of 
this kind which is parasitic above 
ground. Its seeds germinate in 
the earth, but form no proper root : 
when the slender twining stem 
reaches the surrounding herbage, 
it forms suckers, which attach 
themselves firmly to the surface of the supporting plant, 
penetrate its epidermis, and feed upon its juices ; while the 
original root and base of the stem perish, and the plant has 
no longer any connection with the soil. Thus stealing its nour- 

FIG 76, Section of one of the attached rootlets of Gerardia, showing Ihe t*^**^^ ! 
FIG. 77. The common Dodder of the Korthem States (Onsouta Gronovil), of the 
imtoral size, parasitic upon the stem of an herb; the imooUed portion at the lower end 
shows the mode of its attachment 7a The coiled embryo taken flrom the seed, con- 
sisting of naked csuhcle and plumule, moderately magnified, 79 The same In ffennl- ’ 
nation, elongnting mto .t throofl-llko lenfleM^ stem 
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ishment ready prepared, it requires no proper digestive organs 
of its own, and, consequently, does not produce leaves. This 
economy is foreshadowed in the embryo of the Dodder, which is 
a naked thread spirally coiled in the seed (Fig. 78, 79), and 
presenting no vestige of cotyledons or seed-leaves. A species 
of Dodder infests and gi'eatly injures flax in Europe, and some- 
times makes its appearance in our own flax-fields, having been 
introduced with the imported seed. Such parasites do not live 
upon all plants indiscriminately, but only upon those whose 
elaborate juices furnish a propitious nourishment.^ Some of 
them are restricted, or nearly so, to a particular species ; others 
show little preference, or are found indifferently’^ upon several 
species of different families. Their seeds, in some cases, it is 
said, will germinate only when in contact with the stem or root 
of the species upon which they are destined to live. Having no 
need of herbage, such plants may' be reduced to a stalk bearing 
a single flower or a cluster of flowers, or even to a single blossom 
developed from a bud directly' parasitic on the bark of the foster 
plant. Of this kind are the several species of Piloslyles (para- 
sitic flowers on the shoots of Leguminous plants) in Tropical 
America, one species of whjeh was discovered by Dr. Thurber 



near the southern borders of New Mexico. Its flowers are 
small, only about a quarter of an inch in diameter. The most 
wonderful plant of this kind is that vegetable Titan, the Baf- 
flesia Arnoldi of Sumatra (Fig. 80) which grows upon the stem 
of a kind of a Cissus or Vitis. It is a parasitic flower, measuring 
nine feet in circumference, and weighing fifteen pounds 1 Its 
color is light orange, mottled with y'ellowish-white. 


1 Monotropa or Indian Pipe (and perhaps some related plants), although 
probably parasitic on living roots in early growth, appears to live afterwards 
in the manner of the larger Fungi, upon leaf-mould and decaying herbage. 
Its mode of life should be investigated. 

FIG. 80. Rafflesia Amoldl; an expanded flower, and a bud, directly parasitic on 
the stem of a vine; redaced to the scale of half an Inch to a feot 
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Section n. Of Buds. 

65. Buds are the germs of stems : they are axes with their 
appendages in an early state. LiEaf-buds (Gemii®) are those 
devoted to vegetation, and the parts, or some of them, develop 
as leaves. Mixed buds contain both foliage and flower or 
flowers. Flower-buds (Alabastra) are unexpanded blossoms. 
These are considered in another chapter. 

66. The conspicuous portion of an ordinary bud, or that which 
flrst develops, usually consists of leaves, or scales the homologues 
of leaves ; the axis itself being very short and undeveloped. If 
this remains comparatively short, the leaves as developed are 
crowded in a rosette, as in a Houseleek (Fig. 91‘), a Barberry 
and the Larch: when the intemodes lengthen, the leaves are 
interspaced upon the axis. 

67. The cotyledons and plumule of the embryo are, morpho- 
logically, the first bud, on the summit of the initial stem, the 
caulicle. This in germination and subsequent growth develops 
into a leafy stem, in the manner already described. Normally 
this stem has the capacity of growing on in this way from the 
apex or growing point, which is always potential^jr a bud, the 
wpiccd or terminal bud (15). Sometimes it is merely potential, 
and there is no external structure visible until the new growth 
begins, or the bud is said to be latent. 

68. But commonly, in plants that live from year to year, growth 
is divided into seasons or stages, with intervals of repose. In 
such cases, especially in trees and shrubs, instead of a continuous 
succession of foliage, the period of interruption is apt to be 
marked by the production of scales {Bitd^scales, Peruke, etc.) or 
dry teguments, which serve to protect the tender rudiments or 
growing point within during the season of rest. This being the 
winter-season in cold climates, Linnaeus gave to such bud-cover- 
ings the common name of Hibernaculum. From the usually 
squoTnose (scale-like) character of this covering, such buds take 
the name of 

69. Scaly Buds. Laige and stroi^ ones of this kind, such as 
those of Horsechestnut, Magnolia, Hickory, Lilac, &c., may be 
taken as the type of bud. The scales serve to protect the ten- 
der parts within against injury from moisture and from sudden 
changes in temperature during the dormant or earliest growing 
state. To ward off moisture more effectually, they are sometime 
coated with a waxy, resinous, or balsamic exudation, as is oon- 
spicnous on the scales of the Horsechestnut, Balsam-Poplar or 
Balm of Gilead, and Balsam-Fir. To guard against sudden 
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changes of temperature, they are often lined, or the rudimentary 
leaves within invested with non-conducting down or. wool. 

70. Nature of Bud-scales. That they answer to leaves is made 

manifest by a consideration of their si 82 

situation and arrangement, which are /a flA 

the same as of the proper leaves of / 1 1 / If i 

the species ; and by the gradual transi- I | |||| 

tions from the foimer to the latter in j |||l | 111 

many plants. In the TuHons^ or sub- n | 

terranean budding shoots of numerous // '|||| / 1 \|| 

perennial herbs, and in the unfolding ||| j \ \||l 

buds of the Lilac and Sweet Bucke 3 ’'e 1 ||||i / \ |l| 

(JEsculus parviflora), every gradation / \ \||J) 

may be traced between bud-scales and Bj ' m / Vjw . 
foliage, showing that no line of distinc- Nw/ 

tion can be drawn between them, but 

that the two are essentially of the same 
nature, are different modifications of \ ij I 
the same organ. In the Lilac they i 

may be regarded as the blade of the 
leaf, modified and depauperate ; in the 1^1 
Bucieye (Fig, 233), and therefore in 
Horsechestnut, as the base of leaf-stalks ; 1 A 

in Magnolia (Fig. 81, 82), in the 
Tulip-tree, and in the Beech, they are 
evidently stipules. They must therefore 
be referred to in the section on the 
morphology of leaves. (227.) 

71. Naked Buds, &c., of shrubs and 
trees, even in climates with severe 
winter, are not unknown, that is, buds 
unprotected by special scales or other 
coverings. For example, the latest 
^pair of leaves of the season in Viburnum 
nudum, V, lantanoides (Hobblebush) , 
and the like, remain in a nascent state 
over winter without covering, and ex- 

pand into the first foliage in the spring. ^ 

Yet V. Opulus (Snowball, &c.), another species of the same 
genus and inhabiting the same region, has well-formed scaly 


PIG. 81. Brftnel) of Magnolia Umbr^la^ of the natural size, crowned with the 
tenninal bud; and below exhibiting the large rounded leaf-scars, as wStl as the rings 
or annular soars left by the tUl of the bud-scales of the previous season. 88, A. detached 
scale firom a similar bud ; its thlohened axis is the base of a leaf-staUc; the membranous 
aides consist of the pair of sUptUes united with it. 
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leaf-buds. In other hardy shrubs and trees, the buds, equally 

or almost destitute of scales, 
are minute, hidden in or un- 
der the bark, or othemise 
inconspicuous until vernal 
growth commences. Phila- 
delphus and Taxodium are of 
this kind. 

72. Subpetiolor Buds. Some 
leaf-buds are singularl}' cov- 
ered in their earl}" state and 
thi'ough the summer, as in the 
Locust (Robinia) , Honey-Lo- 
cust Fig. 96 (where they re- 
main very undeveloped), in 
Yellow Wood (Cladrastis),and 
more conspicuousl}’ in the 
Plane-tree (Platanus, Fig. 87) : 
here they are all formed un- 
der the base of the protecting 
leaf-stalk, which in Plane-tree 
forms a sheath or inverted cup, 
veiy like a candle-extinguisher, 
fitted to and concealing the conical bud until autumn, when by 
the ML of the leaves these buds are exposed- 




PIO. 83 Diagram of vertical secUon of a strong bud, such as of Horseobestaut. 
■84. The axis of the same developing, the elongation beginning with the lowest Inter- 
node, soon followed by tlie others in succession. 85. A year’s growth of Horieoheatnut, 
crowned with a terminal bud: soars left by the bud-scales of the prevlons year: 
A, scars left by the fallen leaf-stalks: o, aadllary buds 
FIG 86 Branch and buds (all axillary) of the 
FIG, 87 Leaf-bud under the petiole of the Plane-tree 
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73. Fleshy Buds. Bulbs are peculiar buds of certain herba- 
ceous plants, with fleshy scales, and often of a more permanent 
character. Theii* nature and economy may most convenient!}" 
be illustrated under subsequent sections. Usually bulbs are 
subterranean or partly so. But small bulbs {Bidblets, 123) regu- 
larly appear in the axil of neaiiy all the leaves of certain common 
Lilies, being obviously ordinary axillary buds, under certain 
modifications. They become detached at maturity, fall to the 
ground, produce roots, and grow as independent plants ; and 
their fleshy scales are storehouses of nourishment for the early 
support of this independent growth. 

74. Bud-propagation is a normal mode of reproduction in cases 
like the above, the spontaneously detached bulblets or buds 
establishing themselves as progeny. In several species of 
Allium (Onions and Leeks), such bulblets usurp the place of 
flower-buds, making the analogy seem closer. Stems or branches 
which habitually root in the soil, or along its surface, equally 
propagate or d ivide into new individuals, becoming distinct by 
tne pexismng ’Of the older connecting parts, or by breaking away 
from them. Propagation by cuttings is an acceleration or exten- 
sion of this same natural operation. The cutting is a portion of 
stem bearing one or more buds, which, through the faculty of 
the stem to stiike root, is made to grow independently. In 
grafting^ such a cutting, and in budding a bud only, with a small 

« Aion of wood and bark, is transferred to the stem of^ another 
m ^ihe^ same or of some related, species, and made to grow ^ 
there, uniting ils w60d and bark'^wim rnose dt th6 6t66'k, and so^ 
becoming a limb or branch, in place of striking root into the soil 
and becoming a separate plant. The horticultural advantage of 
bud-propagation is, that the offsets or new individuals share 
in all the peculiarities of the parent as completely as if still 
branches of that tree. In propagation by seed, the special 
peculiarities or excellencies of individuals or varieties may not, 
and in some measure probably will not, be reproduced. 

76. Normal or Begular Buds, as to position, are either terminal 
or axillary^ as already stated. (15.) They are single, that is, 
one bud normally occupies the apex of a stem or branch, and 
appears, or usually may appear, in the axil of (or upper angle 
formed with the stem by) any well-developed leaf. In these 
positions, buds are so usual, or so capable of appearing, that 
they are commonly regarded as potential when not actually 
"present. The potentiality may be manifested by the actual 
development of these buds in shrubs or trees after the lapse df 
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surmounts : axillaiy and any other lateral leaf-buds are to be- 
come branches. But even of buds which actually appear a large 
proportion do not grow. When a terminal bud is formed (as 
Fig. 81, 85, 91), this is commonly the strongest, or among the 
stronger. But in many eases it habitually or commonl}" fails to 
appear. In the Elm (with leaves and therefore buds alternate) , 
the bud axillary to the last leaf of the season takes its place. 
In the common Lilac, a pair of buds, which were in the axils of 
the uppermost of the (opposite) leaves, seem to replace the 
terminal bud, which seldom develops. (Fig. 86.) When all the 
regular buds malce their appearance, and the leaves are opposite, 
the stem will be crowned with the terminal bud, having an axil^ 
laiy bud on each side of it. (Fig. 88.) 

76. Accessory Buds. These are, as it were, multiplications of 
the regular axillary bud, giving rise to two, three, or more, instead 




‘ of one ; in some cases situated one above an- 
other {svperposed), in others placed side by 
side {collateral). In the latter case, which 
occurs occasionally in the Hawthorn, in cer- 
tain Willows, in the Maples (Fig, 88), &c., 
the axillary bud seems to divide into three. 


sid ^ On some shoots of Jfce Tarj^ gaiT* 
Honeysucxie "from three to six bu3i^ 

appear in each axil, one above another, the 
lower being successively the stronger and 
earlier produced ; and the one immediatel 
in the axil, therefore, grows in prefere 
occasionally two or more of them 


accessorj^ branches result. 


FIO. 88. Branch of Red Maple, at the sdddle beariny tripi* | 

aide by side. ' 

PIG. 89. Piece of a branch of the Butternut, with aoceasory buda placed one 
another- a, tho leaf scar: 6, proper axillary bud* a, d, aoceasory buds, 

FIG 90. Part of a branch of Tartarean Honeysiu^e, with crowded aeceeaor 
superposed in the axil of each leaf. 
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So it is in the Butternut (Fig. 89), where the true axillary bud 
is minute and usually remains latent, while the accessory ones 
are considerably remote, and the uppermost, which is much the 
sti'ongest, is far out of the axil : this usually develops, and gives 
nse to an extra^axiUary branch. 

77. Adventitious Buds are such as are abnormal and irregular, 
being produced without order and from any part of the stem, or 
even from roots. The latter, like the inteniujjesof a fatgyv 
although normally destitute of buds, do produce tiSem" notwl^-'^ 
standing in cei-tain cases, especially when wounded, and in some 
plants (such as Blackbemes) so freely that gardeners propagate 
them by root-cuttings. The stems share this tendency; and 
buds are apt to break out on the sides of trunks, especially when 
wounded or pollarded, or to spring from new tissues produced 
on cut surfaces, especially where the bark and wood join. Even 
leaves may develop adventitious buds, and then be used for 
irropagation. In Bryophyllnm, such buds, followed by rootlets, 
are freely produced on the margins of the blade or of its leaflets. 

In Begonia, a leaf, used as a cutting, will root from the base of 
the petiole stuck in the soil, and produce buds on the blade, at 
the junction with the petiole, or elsewhere. 


Section III. Op the Stem. 

§ 1. General Characteristics and Growth. 

78. The Stem is the ascending axis, or that portion of the 
trunk which in the embryo gi’ows in an opposite direction from 
the root, seeking the light, and exposing Itself., fla-much asi..possu^ 
sible to the atr — 3!LTI’"phmnbgamous plants possess sterns.^ In 
those which, in botanical descriptions, are said to be acaulescent^ 
or sUmhss^ it is either veiy short, or concealed beneath the 
ground. Although the stem always takes an ascending direction 
at the commencement of its growth, it does not uniformly retain 
it ; but sometimes trails along the surface of the ground, or 
burrows beneath it, sendu^ up bfaneh^s, nower-staucs, or leaves 
intoThe air. The common idea, that all the subterranean portion 
of a plant belongs to the root, is incorrect. Equally incorrect is 
the common expression that plants spring from the root. Roots 
igqpring from the stem, not the stem from the root. (21, 24, 87, 44.) 


/ * There are, however, reduced forms in which* there is no diettoctlon of 
Axis and foliago ; but most of these are clearly leafless rather ijiim 
and not even in Lemna and Wolifia can the stem be said to be 
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79. While the root normally gives birth to no other organs, 
but itself performs those fiinctions which pertain to the relations 
of the vegetable with the soil, — binding it to the earth and 
absorbing nouiishing materials from it, — the aerial functions of 
vegetation are chiefl}" carried on, not so much hy the stem it- 
self as by a distinct set of organs which it bears, namely, the 
leaves. Hence, the production of leaves is one of the charac- 
teristics of the stem. These are produced only at certain definite 
and symmetrically an’anged points, called nodes. (13, 23.) 

80. Development and Stmctoe. In a bud or undeveloped stem, 
the nodes are in contact or close proximity. In the develop- 
ment, growth in length takes place in such manner as to carry 
these apart more or less, according to the degi*ee of elongation, 
that is, the intemodes (13) elongate. The order of development 
is from below upward, the lowest internode first lengthening, 
the others in regular succession. Each completes its growth, 
with more or less rapidity, although the length attained varies 
greatly in different stems, in different parts of the same stem, 
and under different conditions. Unlike the root, in which the 
elongation of formed parts is very soon finished and therefore 
only the tip is perceptibly gi'owing, intemodes go on growing 
throughout, and several formed internodes may be growing 
simultaneously, thus producing elongation throughout a consid- 
erable extent of stem and with considerable rapidity. But each 
intemode grows independently. Some parts of an intemode 
may lengthen faster or continue in growth longer tlian others ; 
this is usually the upper portion, at least in long intemodes and 
when every part is equally exposed to light. 

81. The development of a stem from a bud is wholly like that 
from the embryo, and has already been described in Chap. 11. 
It exhibits similar variations as to rapidity and vigor, dependent 
upon the constitution of the bud, — which, like the pliunulo in 
the seed or seedling, may be either latent or much developed 
before growth begins, — also upon the amount of nourishment 
provided. Strong buds commonly have their parts, or some of 
them, ready formed in miniature, and a store of elaborated nour- 
ishment in the parent stem to draw upon. Those well-developed 
buds which in many of our shrubs and trees crown the apex or 
occupy the axils of stem and branches early in the preceding 
summer (as in Magnolia, Pig. 81, Horsechestnut, Pig. 85, and 
Hickory, Pig. 91) often exhibit the whole plan and amount of 
the next yearis growth ; the nodes, the leaves they bear, and 
sometimes the blossoms being already formed, and only reqiirfng 
the elongation of the intemodes for their frill expansion. Aa 
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the bud is well supplied with nourishment in spring by the stem 
on which it rests, its axis elongates rapidly ; and although the 
gi’owth commences with the lowest intemode, yet 
the second, third, and fourth internodes may 
begin to lengthen long before the fii*st has attained 
its full growth. Such very strong buds are usually 
terminal ; but sometimes, as in Lilac (Fig. 86) , they 
are the uppermost axillary, which take the place of 
a suppressed or aboilive terminal bud. 

82. Such wood}’^ stems, developed from a strong 
bud, and terminated at the close of the season’s 
growth by a similar bud, may be continued from 
year to year in an unbroken series. A set of narrow 
rings on the bark (Fig. 85 a) commonly marks 
the limit of each year’s growth. These are the 
scars left by the fall of the scales of the bud ; and 
these, in the Horsechestnut, and in other trees with 
laj^e scaly buds, may be traced back on the stem 
for a series of years, growing fainter with age, 
until they ai*e at length obliterated by the action of 
the weather and the distention caused by the increase 
of the stem in diameter. The same is the case with the more 
conspicuous Leaf-scars^ or marks on the bark left by the separation 
of the leaf-stalk, which are for a long time conspicuous on the 

• shoots of the Horsechestnut (Fig. 85 h ) , the Magnolia (Fig. 81) , 
and Hickory, Fig. 91. 

83. Bamiflcation. Branches (14-16) are secondary stems 
developed from a primary one, or tertiary ones from these, and 
so on. Ultimate or small ramifications of latest order are some- 
times called Branohlbts. The terminal bud continues the stem 
or axis which bears it. Lateral buds give rise to branches.^ 
As the normal lateral buds are axillary (75), so are normal 
branches. The sjonmetry or arrangement of branches, being 
that of the buds from which they are developed, is fixed by and 
follows that of the leaves. When the leaves are alternate, the 

1 Dichotomu or forking, the division of an apex into two, although of com- 
mon occurrence in the lower cryptogamous plants, occurs so rarely and 
exceptionally, if at all, in phssnogamous plants that it may here he left 
out of view. 

In phanogamous plants only the ramification of axes should take the 
name of branches. Tliat is, roots and stems branch ; and the term may 
without confusion be extended to hairs and all Trickomrs (888) when com* 
pound, but not to leaves and their modifications. 

FIG d1. End of a Hickory branch (Oaryaedba)^ with a strong tenolxial and snudlar 
^larybnds. 
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branches mil be alternate; when the leaves are opposite, and 
the buds develop regularly, the branches will be opposite, &c. 
This holds in fact sufficiently to deteimine and exemplify the 
plan of ramification ; but, if entirely can’ied out, there would be 
as many branches as leaves. This could rarely if ever be, even 
in primary ramification. 

84. Non-development of Buds* Some of the buds are latent or 
merely potential, that is, do not make their appearance : of those 
which do appear only a part actuall}^ grow into branches ; and 
of these some are apt to perish at an early stage. In our trees, 
most of the lateral buds generally remain dormant for the first 
season : they appear in the axils of the leaves early in summer, 
but do not grow into branches until the following spnng ; and 
even then only a part of them grow. Sometimes the failure 
occurs without appreciable order ; but it often is nearly unifonn 
in each species. Thus, when the leaves are opposite, there are 
usually three buds at the apex of a branch ; namely, the terminal, 
and one in the axil of each leaf ; but it seldom happens that all 
three develop at the same time. Sometimes the terminal bud 
continues the branch, the two lateral generally remaining latent, 
as in the Horsechestnut (Fig., 85) ; sometimes the terminal one 
fails, and the lateral ones grow, when the stem annually becomes 
two-forked, as in the Lilac, Pig. 86. The undeveloped buds 
do not necessarily perish, but are ready to be called into action 
in case the others are checked. When the stronger buds are 
destroyed, some that would else remain dormant develop in their 
stead, incited by the abundance of nourishment, which the for- 
mer would have monopolized. In this manner our trees arc soon 
reclothed with verdure, after their tender foliage and branches 
have been killed by a late vernal frost, or consumed by insects. 
And buds which have remained latent for several years occasion- 
ally shoot forth into branches from the sides of old stems, 
especially in certain trees. 

85. Most branches springing from old trunks, however, as in 
Willows and Poplars, espeoially when wounded or pollarded, 
originate from adventitious buds (77), which occur without 
order. So also when accessory buds (76) develop into branches, 
normal symmetry is more or less disturbed, as by contiguous 
shoots standing directly over each other in Tartarean Honey- 
suckle, or by a branch far out of the axil in Walnuts (Fig. 89) 
and Honey-Locust, Fig. 96. 

86. Excurrent and Deliquescent Stems* Sometimes the primary 
axis is prolonged without interruption, even through the whole 
life of a tree (unless accidentally destroyed) , by the continued 
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evolution of a terminal bud, or b}" some upper strong bud which 
equall}" becomes a leader, — fonnmg an undivided main trunk, 
from which lateral branches proceed ; as in most Fir-trees. 
8uch a trunk is said to be excwrrmt. In other cases, the main 
stem is arrested, sooner or later, either b}' flowering, by the 
failure of the terminal shoot, or by the more vigorous develop- 
ment of some of the lateral buds ; and thus the trunk is dissolved 
into branches, or is deliquescent^ as in the White Elm and most of 
our deciduous-leaved trees. The first naturall}' gives rise to coni- 
cal or spire-shaped trees ; the second, to rounded or spreading 
forms. As stems extend upward and evolve new branches, those 
near the base, being overshadowed, are apt to perish, and thus 
the trunk becomes naked below. This strikingly occurs in the 
excurrent trunks of Firs and Rnes, grown in forest, which seem 
to have been branchless to a gi*eat height. But the knots in 
the centre of the wood are the bases of branches, which have 
long since perished, and have been covered with a great number 
of annual laj’ers of wood, fonning the clear stuff of the trunk. 

87. Definite and Indefinite Annnal Growth of Branches. In 
many of our trees and shrubs, especially those with seal}' buds, 
the whole year’s growth (except on certain \'1gorous shoots) is. 
either already laid down rudimentally in the bud, or else is earl}' 
formed, and the development is completed long before the end 
of summer ; when the shoot is crowned with a vigorous teiminal 
bud, as in the Horsechestnut (Fig. 85) and Magnolia (Fig. 81), 
or with the uppemost axillar}' buds, as in the Lilac (Fig. 86) 
and Elm. Such definite shoots do not die down at all the follow- 
ing winter, but grow on directly, the next spring, from these 
terminal or upper buds, which are generally more vigorous than 
tliose lower down. In other cases, on the contrar}', the branches 
grow onward indefinitely^ until arrested by the cold of autumn ; 
the buds at or near their summit are consequent!}' young and 
unmatured, or at least the lower and older axillar}' buds are 
more vigorous, and alone develop into branches the next spiniig ; 
the later-formed upper portion most commonly perishing from 
the apex downward for a certain length in the winter. The 
Rose and Raspben*}'-, and among trees the Sumac and Honey- 
liocust, are good illustrations of this sort; and so arc most 
perennial herbs, their stems d}'ing down to or beneath the sur- 
face of the ground, where the persistent base is charged with 
vigorous buds, well protected by the ground, for the next year’s 
vegetation. 

88. Many of the details and applications of ramification, of 
most importance in morphology and descriptive botany, relate 
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to anthotasy or inflorescence (Chap. V.), which has its own 
terminology. But some of its terms may be convenient 
employed in the description of ramification unconnected with 
flowering. 

§ 2. Poems op Stems and Branches. 

89. On the size and dnqaltipn of^e stem the- oldest and most 
obvious division of plants is founded, hamt? Herbs, 
Shrubs, and Trees. 

90. Herbs ai'e plants in which the stem does not become 
woody and persistent, but dies annually or after flowering, down 
toihe ground at least. The difference between annual^ hienmal^ 
and perennial herbs has already been pointed out in the chapter 
on the root (50-57) , and the gradations between them indicated. 
Herbs pass into shrubs and shrubs into trees through every gra« 
dation. The following deflnitions are therefore onl}" general : — 

91. Undershrubs, or Suffruticose plants, are woody plants of 
humble stature, their stems rising little above the surface. If 
less decidedly wood 3 ", they are termed SuffhUescent. 

92. Shrubs are woody plants, with stems branched from or 
near the ground, and less than five times the height of a man. 
A shrub which approaches a tree in size, or imitates it in aspect, 
is said to be Arborescent, 

93. Trees are woody plants with single trunks, which attain 
at least four or five times the human stature. Yet the name of 
tree is not to be denied to a .woody plant' having a^single and 
stout trunk of less altitude ; and those which grow in a bushy 
manner, sending up a cluster of stems fh>m the ground to the 
height of thirty feet or more, may still be called shrubs. 

94. The erect position, elevation above the soil, and aelf-sup- 
port, are normal conditions of the stem, but are far from universal. 
And certain kinds of stem or branches are sufiSciently peculiar 
to have received substantive names : , other equally peculiar forms 
have no special names'. There are, moreover, certaih organs 
(such as spines and tendrils) which are commonly homologous 
(12) with stems, but not always. Two kinds of erect stems 
have^ special names in descriptive botan 3 ^ ' 

^ 96 . Calm is a name applied to the peculiar closedjjointed stem 
^Grasses and Sedges, whether herbaceous, as in Grasses, 
or woody or arborescent, as in the Bamboo. 

96. Caudex is the name technically applied to IR tilitek.»of 
Palms (Fig. 126), Tree-Ferns, and the like, cotu^lbting of a 
commonly simple column, the surface beset with — the 
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bases of former leaf-stalks, — or marked by scars, left by their 
fall. This name was used by botanists anterior to Linnmus for 
any ti'ee-trunk, but is now used for the peculiar steins above- 
mentioned ; also for the pei-sistent base of a stem, otherwise 
annual, which tlirows up fresh herbaceous stems or stalks from 
year to year. Such short and enduring stems, being usually 
near the ground or under it, ^re commonly mistaken for roots. 
The old EngJj^i^amejDjJjggj^^ used in botanical 

description enduring stems of this sort, 

whether rising soinewhat above or concealed beneath tlie surface 
of the soil, X) V IaX) 

97. A Scape is a swm or branch which rises from beneath or 


near the surtace of the ground and beam flowers, but no proper 
foliage. It therefore belongs to inflorescence. (265.) Scapes 
usually spring IVom some one of the subterranean forms of stem, 
98. Of stems which do not stand upright in the air there are 
various modifications and gradations. 


99. Scandent or Climbing Stems are those which rise by 
attaching themselves to some extraneous support. This is 
effected in various ways ; in some by the action of the stem 
itself, in others by that of organs which it bears. ^ 

100. Voluble or Twining Stems, or Twiners, are those 
ascend by coiling round a support, which must acooj 
comparatively slender, or at least not too large, 
by coiling “with the sun” (that is, from rh 


observer > 


ao outsid 


bre, 


^ Sec Dar'^in, The Movements and London 

and New York, 1876. Also the in Journal of 

the Linnean Society, ix. 1806. 

Note that in North America clhtf^^Hbts ki general are in popular 
language 'called Vines (e. g, HM^Bj^^Bipe-Vine, Squash-Vine, fisc.), a 
name which properly hclons»|fl||H^ffly> 

^ Dextforse and or to the left, are almost indis- 

pehfeable terms, but there^^^»figuity and discrepancy in their use. 
Darwin (In Climbing Plj^^HpFeferrcd to) seeks to avoid this by usually 
employing and ** against the sun,** phrases which 

would iMfl^^kapj^B^^^mminology. The writer (in Amer. Jour. Sci. 

for the former, Antitrupir for the latter, 
^rcferr<‘d to evade rather than to encounter the 
terms dextrorse and sinistrorso, or right and left, 
JBiue in iSWaa most natural and convenient. Now, in the first 
PS should bo understood that a plant, or at least a plant’s axis, having 
front and back, can have no right and left of it# own. *rheso relations 
^^^irectlon must refer to the right and loft of an observer. All depend#, 
kooordlngly, upon the position which the viewing observer is supposed to 
occupy when ho predicates the <2Urection of the turns of a helix or of the ovei'* 
lapping of the part# of a bud, Linnssu# supposed the observer to view the 
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by coiling in the opposite direction, as the Bean (Phaseolus), 
the woodj' Aristolochia Sipho, the Morning Gloiy (Kg. 91**) and 
i ^ i Convolvu- 

/| lacese. The Dod- 

der, a leafless par- 
^sitic plant of the 

jl latter family, not only gains support by coiling 
^ m on the stems of other plants, but by attachment, 
W through the development of sucker-like discs, 

along the whole contiguous surface. (Fig. 77.) 

. The various actions through which plants climb, 
and the attendant phenomena, are physiological, 
and will be treated in the second part of this 
Text Book. The most complete and satisfao- 
tory discussion of the subject, of a readable sort, 

f m is that of Darwin’s volume, referred to in a 

fia ® preceding note. 

101. Leaf-Climbers are those in which support is gained by the 
action, not of the stem itself, but of the leaves it bears ; in most 
by the coiling or clasping of petioles, as in Clematis, Maurandia, 
Th-opseolum, and'Solanum jasminoides (Fig. 235) ; in some by 
the incur\’ation of leaf-blades or portions of th^m, as in Adlu- 
mia ; or by an extension of the midrib into a hook or short ten- 
dril, as in Gloriosa ; or by the transformation of some of the 
blades of a compound leaf into hooks or tendnls, as in Cobsea 
ai^he Pea. 

ndril-Climbers (Fig. 92-95) are those in which the 
IS by a tendril, a slender filiform body, either simple 
specially adapted to the purpose, and capable of 
to secure a hold, or to draw the stem up to the 
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support. In certain tendrils the attac hment to the support is by 
a sucker-like disc at the apex, as iik the Virginia Creeper or 
Ampelopsis, Fig. 94. 

103. Root-Climbers are those in whicfch the stems produce aerial 
rootlets (59*) , which fix themselvesi to a supporting surface 
along which the stem creeps or ascencjs. In this waj’ Trumpet 
Creeper (Tecoma radicans), Ivy, and Poison Ivy (Rhus Toxi- 
codendron) climb extensively. 

104. Stems or branches which neither climb nor stand upright 
may have their direction or habit of gr owth expressed by certain 
adjective terms ; such as 

Ascending or Assurgent^ when the 3 ^ r ise oblique!}" upward ; 

Reclining^ when from an ascending, or erect base the upper 
part recurves and trails ; 

Decumhent, when trailing along thA ground, but with apex 
assurgent ; 

Procumbent or Prostrate^ when lying £it length upon the ground ; 

Repent or Cheeping^ when growing ( prostrate on the ground 
and rooting as the}’^ grow. Also appli(id to similar stems grow- 
ing under, as well as upon the surface of the soil, as in Couch- 
Grass and Mint, Fig. 99. 

105. A Sucker {Surctdm) is an asceijiding stem rising from a 
subterranean creeping base. The Ros 3 and Raspberry multiply 
freely by suckers. Such plants are eiisiest to propagate ‘‘by 
division.” 

106. A Stolon is a prostrate or reclin ed branch which strikes 

root at the tip, and then develops an^scending growth, which 
becomes an independent plant. ] 

107. An Ol^t is a short stolon or a snort sucker. Houseleek 
(Fig. 9P) offers a familiar 
example. By offsets, some 
herbs, otherwise annuals, are 
continued from year to year in 


geny (Lobelia 


and peren 


tablish colo 


nies aroil^^^^Bt individual. 




slender 


dnl-like exceptjrat up, where it roots, 
6 a new plant. Time Strawberry fttcnishes 
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109. The two following; are organs which may be of axial 
nature, or maj' not. This may ordinaiily be determined by posi- 

tion. An}' direct contmuation of 
f ^ j stem or branch must be of axial 

V j C/ j nature, that is, of the nature of stem ; 

\ \ and the same is true of whatever 

^^1 I primarily develops in the axil of a 

\fll I leaf. Conversely, whatever subtends 

j a lateral axis or branch may be taken 
c\ u ( for a leaf or foliar production, being 

I \\ the place of such. 

110./ A. Tendril, a thread-shaped 
A jlf leafless body, capable of coiling 

lw-<V 7 /^IL climbing (102) , 

, is homologous with stem in Grape- 
vines (Fig. 92) ; for the uppermost 
J ^ tendril is seen to be a direct continu- 

I ^ ation of the stem. The small bud 

I * which appears in the axil of the 

I ^ uppermost leaf will in its growth 

\ produce another intemode and leaf, 

^****^tt/^ or some species more than one, 

«2 I but win terminate in a similar 

tendril: the present tenfninal tendril will have then become 
lateral and opposite the Xeaf, like the three in the lower part of 



FIG. 92. End of a dxoot of the Grape-vine, with young tendrils; a sympodial 
sim. (See note ) 

FIG 9S, A portion of a stem >f Amp^opsis qulnquefolia, or Virginia Creeper, with 
A leaf and a tendril. 

FIG. 9i. Ends of the latter, ei ilarged, showing the expanded tips or discs by which 
they ding. 
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the figure.^ The tendrils of Virginia Creeper (Fig. 93) are of the 
same nature and position. But, instead of lading hold b}- a coiling 
of the tip, when it has reached an 3 ' solid surface, such as a waU 
or tree-trunk, the tip expands into an adhesive disc, which forms 
a secure attachment. (Fig. 94.) In a related plant, Vitis (Cissus) 
tricuspidata of Japan, these disks terminate the branches of very 
short tendrils : consequently^ the shoots as they' gi'ow are at 
once applied closely’ and secured firmly’ to the surface of the sup- 
port, — an admirable adaptation for climbing walls and trunks. 


111. The simple tendril of a Passion- 
flower, being in the axil of a leaf (that 
is in the position of a branch) , is also of 
axial nature : it is a leafless and simple 
branch, composed of one long and slen- 
der internode, devoted to the purpose of 
climbing. Fig. 95 shows in all stages the 
admirably active tendrils of Passiflora 
'sicyoides. This is a Mexican species, 
remarkable for the rapidity and freedom 
with which the tendrils move. The lowest 
tendril in the figure is attached and 
coiled: the next is free and coiled in 
one helix: the third is outstretched 
and seeking a support. For tendrils 
which are not homologous with stems, 
see Sect. IV. 228. 

112. A Spine or Thom (Fig. 96, 97) is usually a branch or 
the termination of a stem or branch, indurated, lea fless, and _ 
attenuated to a point. The nature of spines is maftTtest in the 
Hawthorn (Fig. 97), not only by their position in the axil of a 
leaf, but of^n by producing imperfect leaves and buds. And 
in the Sloe, Pear, <Sdc., many of the stinted branches become 
spinose or spinescent at the apex, tapering off gradually into a 
rigid and leafless point, thus exhibiting every gradation between a 
spine and an ordinary branch. These spinose branches are less 

1 This forms what is called a Svmvodium^o r Sympodial stem, which is mor- ' 
phologxcally made up of a series of superposed branches. (See Chapter T. 
281,2^ ) In contradistinction, a stem formed by the continued developmsiAt 
of a terminal bud is MoMf^dlal or a Monopodium, Fig. 95 is an \ 

PIG. 95 shoot of J^assifiora ^oides, of Msxioo, with iML 

ahd full grown, and forming tendrUs. > ^ 
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liable to appear on the cultivated tree, when duly cared for, such 

■ ) more vigorous growth. In 

the Hawthorn, the spines 
spring from the main axillar}’^ 
bud, while accessory buds 
(76), one on each side, ap- 
pear, and grow the next sea- 
son into ordinary branches. 
In the Honej'-Locust, it is 
the uppermost of several ac- 
cessorj' buds, placed far above 
the axil, that develops into 
the thorn (Fig. 96) . Here the 
spine itself usually branches, 
and sometimes becomes ex- 
tremel}* compound. 

113. For spines which are. 
homologous with leaves, or 
parts of a leaf, see Sect. IV. 
227®. Pnckles^ such as those 
of Brambles and Koses, are 
superficial outgrowths fi’om 
the bark, of a different nature 
(388) , and of small morpho- 
logical signification. 

114. Subterranean Stems are hardly less diverse than the 
aerial. They are classed as Rhizomes, Tubers, Corms, and 
Bulbs, the forms passing one into another by gradations. 
jll5. BMzoma {Ehizome, or in English Rootstock) is a gen- 
eral name for any horizonal or oblique perennial stem, which lies 
on the ground or is buried beneath its surface. It sends off 
roots of a fibrous or slender sort wherever it rests on or is cov- 
ered by the soil, and usually produces from its apex some kind 
of aerial stem, either leafy or as a flower-stalk {scape^ 97), 
which rises into the air and light. Before morphology was 
understood, rootstocks were called creeping roots^ ecoly roots, 
Some are slender, such as those of Mints (Fig. 99), of most 
Sedges (Fig* 98), and of Couch-Grass. Their cauline nature is 
evident from their structure and appearance ; their nodes and 
intemodes are well marked, the former bearing leaves reduced to 

PIG. 96. Branching thorn of tlie Honey-LoonBt fGloditschia), an indurated branch 
developed fSrom an aoceaaory bud produced above the axil. a. Three buds under the 
base of the leaf-stalk, brought to view in a section of the stem and leaf-stalk below. 

PIG. 97. Thom of the Oockspur Tliom. developed from the centxal of three axUlaxy 
buds; one of the lateral buds is seen at its base. 
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scales , and the advancing apex i*ises at length into an ordinary 
stem, while the opposite and older end gradually dies awa}’. A 
bud foims in the axil of each scale-like leaf, or 
in some of them ; roots proceed fi'om the nodes 
in preference , the desti'uction of the ascending 
stem onl}’ brings these buds into activity ; and 
the cutting or tearing of the rootstock into 
pieces by the hoe or plough merely hastens the 
establishment of as man}' new plants, each ^nth 
roots, bud, and a small store of nouiishment 
ready provided. It is this which makes Couch- 
Grass or Quick-Grass (Tiitioum repens) very 


troublesome to the agriculturist ; and the Nut-Grass (Cyperus 
rotundus, var. Hydra) of the Southern Atlantic States is even 



more so, portions of its rootstock being tuberiferous, i. e. en- 
larged into a tuber which contains a supply of 
concentrated nourishment to feed the growth. 

116- Thickened rootstocks are common; 
nourishing matter, elaborated in the leaves 
above, being accumulated in them, just as 
it is in thickened roots, and for the same pur- 
pose. (53-55.) Such arc the so-called roots of Sweet-Flag, of 
Ginger, of Iris or Flower-de-Luce (Fig. 216), of Bloodroot, of 
Solomon’s Seal (Fig. 100), &c. These grow after the manner 
of ordinary stems, advancing from year to year by the annual 
development of a bud at the apex, and emitting roots from the 
under side or the whole surface. Thus established, the older 



PIG. 98 Slender rhlroma of Carex arenaria, of Europe, which bln<l« ehlffcittg saptds 
of the sea-shore. 

FIG. 99 Rootstochs, or «rfet>lng subterranean branohes. of the Pep 
FIG. 99«. A ple<*e of the rootstock of the Peppemitot, enlarged, with-ii 
and two axillary buds reatly to grow. 
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portions die and decay as corresponding additions are made to 
the opposite growing extremity. Each year’s growth is often 


' 100 

marked conspicuously, sometimes a strong contraction where 
the interruption took place, as in certain species of Iris (Fig. 216) ; 

or by the circular im- 
pressed scar (likened to 
the impression of a seal) 
in Solomon’s Seal ; this 
being the place where 
the annual aerial stem, 
bearing the vegetation, 
separated in autumn 
from the perennial rhi- 
zoma. The numerous 
slender lines encircling the rootstock are the scars left after the 
decay of the scale-like leaves or bud-scales, such as ai’e seen at 
the young and growing end of the rootstock. 
The rootstock of Diphylleia, of the AUeghany 
Mountains (Fig. 101), is similar; but the 
yearly growths ai’e so exceedingly short that 
they become vertical, the bud of each year 
is close to the stalk of the year preceding, 
and the scars marking previous growths are 
in contact.^ Trillium makes a short and 
mostly vertical rootstock, which, when it 
remains simple and dies away promptly 
below (as in Fig. 102), comes neaidy within 
the definition of a conn. But in several 


1 The rootstock in Polygonatura and Diphylleia is a sympodium (110, note), 
the terminal bud developing yearly the growth above ground and perishing 

FIG 100. Rootstock of Polygonatum or Soloraon^s Seal, with the terminal bud, the 
base of the stalk of the season, and three soars hrom which the latter has separated in 
as many former years 

FIG 101 Rhizoma of Diphylleia cymosa, showing six years* growth, and a bud ft>r 
the seventh: a, the bud; 6, base of the stalk of the current year* o, scar left by the 
decay of the annual stalk of the year before ; and beyond are the scars of previous years. 

FIG. 102 Shoot and young rootstock of Trillium erectum, with only terminal bud. 
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species, and in older individuals, it is longer, often oblique, and 
branching, and bears the scars from which the annual aerial 
growths have separated.^ Nymphaea odorata, 
the sweet-scented white Water Lily, grows by 
very long, stout, and simple rootstocks. In 
N. tuberosa the sides of the rootstock produce 
short lateral branches or tubers. 

117. A Tuber may be morphologically char- 
'acterized as a short thickened rhizoma on a 
slender base, or a rootstock some portion of 
which — mostly a terminal portion and involv- 
ing several nodes — is thickened by the depo- 
sition of nounshing matter. A potato and a 
Jerusalem artichoke are typical examples 
(Fig. 104-107) ; and the difference between 
these subterranean branches and the roots which they may bear 
is very obvious. Their eyes are axillary buds ; the leaves which 
subtend them are plainly dis- ms 

cernible, in the form of short and 
closely appressed scales. In the 
attempt, occasionally seen, to 
form axillaiy tubers above- 
ground by the Potato-plant, the 
leafy nature of the scales is 
evidenced. (Fig. 

105.) By heaping 
the soil around 
the stems, the^ 
number of tuber- 
iferous branches 
may be in- 
creased. The number of nodes and internodes involved in a 
tuber may be many or few. There is one instance of what may 



in autumn, to be renewed by an axillary bud, which makes its subterranean 
growth and the rudiments of the acnal in early summer. 

^ This rhizoma is a monopodium, being continued year by year by the 
terminal bud, and the acnal stem or stems sent up in spring, bearing the 
whorl of leaves and blossom, are axillary branches. 

FIG 103. An older and lonj^or one of the same species, fdiowlng branches, scars left 
by former leaf- and flower-bearing stems • also at tip (stripped of the covering scales), the 
bases of two such stems of the season, and the terminal bud between them, for the con- 
tinuation of the growth of tb^ rootstock, <&c., the next season. 

FIG. 104. Base of stem j>f Helianthus tul)erosaB, or Jerusalem Artichoke, developed 
flrom a tuber, an<l prodnclifg a second generation of tubers. 

FIG. 1 00. Monstrosity ef a Potato-plant, with an axillary bud developing into some- 
thing l>etw66n a bulblet a|b a tuber, the soales represented by obvious leaves. (From 
the Gardeners’ Chronicle | 
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be called a Manomervm taber, namely in Nelumbium luteum 
(Fig. 108*) , where it consists of a single thickened intemode of 


107 106 108 



an aquatic runner, which is accordingly quite destitute of scales, 
or buds. The growth proceeding from this simple tuber is 

necessarily from a bud of 
the node at its apex, whence 
also a cluster of roots is 
produced. Of a somewhat 
similar nature are the con- 
catenate tubers of Apios 
tuberosa (several of which 
108 * are strung as it were upon 

a long filiform axis), the tubers not unfrequently being mo- 
nomerous, although the larger ones are not so. 

117*. Tuhercles; as they may be termed, are of a mixed or 
ambiguous character between tubers and tuberous roots. A good 
example of the latter is afforded by Dahlia-roots. (Fig. 68.) 
They yield their nourishing substance to growing buds on the 
stem above, but do not themselves nornaUy produce even 

X — ■ ■ " 

FIG, 106 Ponuinjf potatoeR in various stages. 167. One of the younger ones en- 
larged 108 Section of a small portion passing throngli an eye» or bud, more enlarged. 

FIG lORa Ainonomeroua(i.e.one-meinbered)tub€ffofNelnmbiumluteiiitt.formedl 

of a single internode. 
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adventitious buds. Sweet potatoes (55), although equally 
roots, do produce adventitious buds, especially from near the 
upper end. The somewhat similar tubercles or tumefied roots 
of certain Orchises and other plants of the same tribe, ^ definite 
in number and shape, and sometimes imitating a corm, are 
charged with a bud at the upper end, near their origin. Ap- 
parently, the origin is a bud from the base of the parent 
stem, which bud directly forms a tumefied short root from its' 
very base.® 

118. A Corm {Gormus) is to be compared on the one hand 
with a short rootstock or tuber, on the other with a bulb. It 
is a subterranean fleshy stem, of rounded or depressed figure 
and solid texture. Some of its buds grow into new conns, and 


these, upon the death of or separation from the parent, become 


new individuals : some develop above ground 
the vegetation and the blossoms of the season. 
A good type of corm is that of Cyclamen 
(Fig. 109), in which the very base of the 
seedling stem grows fleshy, and widens from 
year to year, but hardl}” at all lei^thens, and 
so becomes far broader tlian high, or de- 



pressed. As the main bulk belongs to the i(» 

first internode, or canlicle, the buds from which the yearly 
growths of leaves and flower-stalks spring are at the centre of 
the summit or upper surface, the roots 
from the lower, and the sides seldom pro- 
duce any buds. The corm of Indian 
Turnip (Arissema triphyllum, Fig. 110) 
is somewhat similar, but it sends up a 
single stout stem, and the roots 
from around the base of this. These are 
completely naked conns. iw 

119. But in Crocus (Fig. Ill, 112), Colchicum (Pig. 117) 
Gladiolus, and the like, the sheathing bases of one or two leaves! 
enclose the conn with a membranous-scaly coat, giving it exactly 
the appearance externally of a coated bulb. Such have been not 
inappropriately named solid bulbs. In common parlance, they 
will doubtless continue to be called bulbs, and even in popular 



1 Not, however, such as those of Aplectrum, TipuUria, etc., which are 

genuine corms or tubers . 

2 Irmisch, Beitr. Biol. & Morphol. Orchid. 1863, fide Duchartre, XU^oa. 
Bot. 278 

FIO. 109. Depressed oorm, of Oyolwuen 
^ FIG. no. Conn of Iiullan Turnip, Arlssema tiiphyUtUU, 
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botanical descriptions. In fact, while they differ from naked 
corms in having some investment, they differ from true bulbs 
only in the greater size of the solid axis and the fewness of 

the investing scales ; 
the stem or solid body 
making the greater part 
of the corm, but a very 
small part of a proper 
bulb. There are, more- 
over, all gradations be- 
tween the two. 

120. A Bnlb^ as compared with a corm, may be said to be an 
exceedingly abbreviated stem, reduced to a flat plate, from the 
lower face of which roots are produced, from the upper face, 
leaves in the form of scales ; these scales being either reduced 
and thickened leaves or the thickened bases of ordinary leaves. 
Compared with buds (73), it is a very fleshy bud, usually large 
and subterranean, the axis of which never elongates. It is a 

11$ * , a * 117 




U4 115 116 

provision for fhture gro'^, thp stored nourishment of which Is 
deposited in the leaves, hr the homologuSs of leaves, instead of 
in the stem. 


no. 111. Conn of Crocns, the few thin enyeloplng scales removed^ showing their 
scars, which mark the nodes, the shrivelled vesUge of the last year’s conn at the base, 
and bnds devdoping Into new ones on various parts of Its snrfiwe. 112. Vertical section 
of a similar corm, with a terminal and one lateral bud 
PIG. 118. Section of a tunlcated bulb of the Onion. 

PIG, 114 Vertical section of the bnlh of ^e Tulip, showing its stem or terminal 
bnd (c) and two aadllary buds (6, 6). 

PIG. 1X5. Bulb of a Garlic, with a crop of young bulbs. 

PIG. 116 Vertical section of the corm of a Orocns : a. new bnds. 

PIG. 117. Vertical section of the corm of Oolchicum (5), with the withered conn ot 
the preceding (a), and the forming one (o) 16r the ensuing year. 
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121. A Tnnicated or Coated Bulb (Fig. 113-115) is one in 
which the scales are broad and completely enwrapping, forming 
concentric coatings. These are thickish when fresh, but thin 
when exhausted and dry, as in the Onion, Garlic, and Tulip. 
1^22. A Scaly Bulb 
has the bulb-scales 
comparatively nar- 
row, thick, and small, 
imbricated, but not 
severally enwi'apping 
each other. That of 
the Lily is the most 
familiar and char-^ 
acteristic example.* 

(Fig. 118, 119.) 118 110 

123. Bulblets are small aerial bulbs, or buds with fleshy scales, 
which arise in the axils of the leaves of several plants, such as 
the common Lilium bulbiferum and 
L. tigrinum, the Tiger Lilies of the 
gardens (Fig. 120). Here they ap- 
pear during the summer as axillary 
buds: they are at length detached, 
and falling to the ground strike root, 
and grow as independent plants. In 
the common Onion, and in many other 
species of Allium, similar bulblets 
t^e the place of flower-buds in the 
umbel. Bulblets plainly show the identily of bulbs with buds. 

124. All these extraordinaiy, no less than the ordinary, forms 
of the stem, grow and branch, or multiply, by the development 
of terminal and axillary buds. This is perfectly evident in the 
rhizoma and tuber, and is equally the case in the corm and bulb- 
The stem of the bulb is usually reduced to a mere plate (Fig. 
114 a), which produces roots from its lower surface, and loaves 
or scales from the upper. Besides the terminal bud (c), which 
usually forms the flower-stem, lateral buds (J, V) are produced 
in the axils of the leaves or scales. One or more of these may 
develop as flowering stems the next season, and thus the same 
bulb survive and blossom from year to year ; or these axiUaiy 
buds may themselves become bulbs, feeding on the parent bulb, 
which in this way is often consumed by its own offspring, as in 

PIG. 118. soiaybnlb of Canada lily, lilium Oanadexise, after aowettog. 119. V«^ 
tical seotion of flame, showing two new young bulbs within, 

FIG. 120. Bulblets In the axil of tbe oauUne leaves of Tiger my. 
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the Garlic (Fig. 115) ; or, finally separating from the living 
parent, just as the bulblets of the Tiger Lily fall from the stem, 
they may form so many independent individuals. So the corm 
of tiie Crocus (Fig. Ill, 112) produces one or more new ones, 
which feed upon and exhaust it, and take its place ; and the 
next season the shrivelled remains of the old corm may be found 
underneath the new. The corm of Colchicum (Fig. 117) pro- 
duces a new bud on one side at the base, and is consumed by it 
in the course of the season ; the new one, after flowering by its 
terminal bud, is in turn consumed by its own offspring ; and 
so on. The figure represents at one view, a, the dead and 
shrivelled corm of the year preceding ; 5, that of the present 
season (in a vertical section) ; and, c, the nascent bud for the 
growth of the ensuing year. 

ij 125?^lSondensed Steins^ homologous with corms, tubers, &c., 
and similar in mode of growth, but above ground, and multiply- 
ing in the same ways, are not uncommon. The Cactus family is 
mamly composed of such forms, of flat- or round-jointed Prickly 
Pears (Opuntia) , fluted or angled columns (Cereus) , and glob- 
ular Melon-Cactus, Mamillaria, and Bchinocactus. The latter 
types, which completely imitate corms, are the most consolidated 
forms of vegetation. While ordinaiy plants are constructed on 
the plan of great expansion of surface, these present the least 
possible amount of surface in proportion to their bulk, their 
permanent spherical figure being that which exposes the smallest 
portion of their substance to the air. Such plants are evidently 
adapted to veiy dry regions ; and Jn such only are they naturallj’’ 
found. Similarly, bulbous and conn-bearing plants, and the 
like, are a form of vegetation which in the growing season may 
in the foliage expand a large surface to the air and light, while 
during the period of rest the Ihing vegetable is reduced to a 
globular or other form of the least surface *, and this is protected 
b 3 ’ its outer coats of dead and dr^’- scales, as well as b}’ its subter- 
ranean situation ; — thus exhibiting another and vei^" similar^ 
adaptation to a season of drought. And such plants mainly 
belong to countries (such as Southern Africa, and the interior 
of Oregon and California) which have a long hot season, during 
which little or no rain falls, when, their stalks and foliage above 
and their roots beneath being earty cut off by drought, the plants 
rest securel}^ in the conn-like forms to which they are reduced, 
and retain their moisture with great tenacity until the rainy season 
returns. Then they shoot forth leaves andflowei*s with wonderful 
rapidity, and what was perhaps a desert of arid sand becomes 
green with foliage and gay with blossoms, almost in a day. 
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126. Stems serdng the purpose of foliage, Fhyllocladia. Most 
_of these condensed and pennanent stems are illustrations of 
^this, their green rind doing duty for leaves, which 
•ire either absent, or transient, Or reduced to 
spines 6 !p' other organs not effective as foliage. 

In the flat and broad-jointed species of Opuntia, 
nd still more in Phyllocactus and Epiphyllum, the 
‘orms assumed give a considerable surface of green 
ind, which well answers the purpose of leaves. pT 
'lattened stems or branches of the same sort and ^ 
conomy not seldom occui* in other than fleshy or 
ucculent plants (such as the Cactuses) ; some- 
les accompanied by a cei*tain number of real 
[hage-leaves, but these more or less transient, 
in Bossifiea and Carmichselia among Legu- 
inous shrubs, and MuhlenbecMa platyclada, now 
common cultivation (Fig. 121) ; sometimes 
th all the leaves reduced to small and function- 
is scales, as in the Xylophylla (i. e. wooden- 
Lved) section of Phyllanthus, and in Phyllo- 
idus (New Zealand and Tasmanian trees of 
Yew family). In all these, the cauline nature 
manifest by the continuous or prolifei-ous 
»wth, by the marked nodes and internodes, 
often by the bearing of flowers. 

27. Gladophylla (literally, hranchrleaves) are more ambigu- 
in character. The most familial* examples are found in the 
luhar foliage of Ruscus, Myrsiphyllum, Asparagus, and in 
e other genera of the same family. In these the primary or 
per leaves of the shoots are little scales, one to each node, and 
;te functionless. Prom the axil of each is immediately pro- 
a body answering in all respects to the blade of a leaf, 
;h in appearance and in ofllce. They also accord with leaves 
eing expanded horizontally, although they take a twist which 
gs them more or less into a vertical position, in the manner 
hyllodia (that is, of leaf-stalks assumiug the form and oflice 
laf-blades, 217) ; wherefore they may be regarded as the 
and only leaf of an axillary branch with the internode 
ir the leaf wholly Undeveloped and no further growth ever 
;in^ place. But, on the other hand, their anatomical structure 
laid to be that of stems rather than of leaves. Moreptw 
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the clodophya of Enscus (caUed Butcher’s Broom in England, 
Fig. 123) not only becomes firm, hard, and spiny-tipped, but 

it exhibits the character of a 
branch b}’ bearing flowers on the 
middle of one face, in the axil of 
a little bract. Under this view 
such a cladophyll would seem to 
be a flattened branch of two in- 
temodes, or else of one internode 
with a flower-stalk adnate to it. 
In Myrsiphyllum (a South Afri- 
can climber, commonly cultivated 
under the erroneous name of 
Smilax, Fig. 122), the cladophyll 
is wholly leaf-hke in appearance 
as well as in function, and it never bears either scale-leaf 
or blossom ; but the flowers are on slender stalks from buds out 
of the same axil. (See Dickson in Trans. Bot. Soc. Edinb. 
xvi., and Van Tieghem, Bull. Bot. Soc. France, xxxi., for a 
discussion of the nature of cladophylla.) 

128. To all such leaves or imitations of leaves, Bischoff has 
given the name Phyllocladia, sing. Phyllocladium. To those ^ 
definitely restricted to one intemode, and which so closely 
counterfeit leaves, Kunth gave the name of CLAnoniA, sing. 
Cladodium. The best common name for all productions which 
imitate leaves would have been that of phyllodium 
(meaning simply a leaf-like body) ; but that term 
was first applied and is restricted to the case 
of a petiole imitating the blade of a leaf. The 
name Phylhcladium (meaning a leaf-like branch) 
may properly be retained for the whole series of 
leaf-like bodies here described. But for those of 
the preceding paragraph, which are so peculiarly 
leaf-like, Kunlh^s name of Oladodium (i. e. a 
branch-like body) is false in meaning, and may 
be replaced by that of CnAPOPiiYLLUM (i. e, leaf- 
branch), or in shorter English Cladophyll. 

^129. Prondose Stems., Finally, in some few 
124 phaenogamous plants, the whole vegetation is re- > 
ctooed to a simple leaf-like expansion, as in Ducfcwe^ (Lempya) » 
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Fig. 124. Here is no differentiation whatever into stem and 
foliage ; but the expanded floating body which serves for both 
must be counted as stem developed horizontally into a flat plate, 
for it produces a root from the under surface and a flower from 
the edge. This simplification is common in some orders of 
Cryptogamous plants ; and such a body, which answers both for 
stem and foliage, is termed a Frond, from the Latin Jrons^ which 
means either leaf or leafy bough. In some species of Lemna 
the frond is thickened or plano-convex : in WoMa, the simplest 
and smallest of ph£enogamous plants, it is a globular green mass, 
seldom much larger than the head of a pin, whoUy destitute of 
root, propagated by proliferous budding from one side, and from 
within the top producing a flower or pair of flowers. 


§ 3. Internal Structure. 

130. The investigation of the intimate structure of the stem, 
as of the other organs, belongs to vegetable anatomy or histology 
(treated in Part II.) ; but the general outlines of structure, so 
far as is requisite to the explanation of what is visible to the 
naked eye, should be here explained. 

131. The stems of phsenogamous plants anatomically consist 
of two general elements, the cellular and the woody ; the former 
exemplified in the commoner stems by the pith and outer bark, the 
latter by the wood. Both are equally composed of cells, or origi- 



nate as such ; but those which form the woody system of the stem^ 
mainly undergo, at a very early period, transformation into tubes, 
some of which are of such small calibre that their common name 
of fibres is not inappropriate ; others, of larger size or ampler 
calibre, take the name of ducts or vessels- The latter are almost 

no. 124*. A magnifle<1 slice of a portion <rf tbe aoweiHstslk of Riohardia .Sthiopioa 
(the so-called Calls. Lily), transverse with some longitudinal view : mainly parenchyma, 
the cells built np so as to leave comparatively largo vacancies (interoellolar spaces or 
air-passages); near the centre a cross-section of a flbro-vasoular bundle, and next the 
margin or rind some finer ones. 
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always associated with the wood-cells, so that they are in a general 
way taken together as constituting the wood, or woody tissue, and 
as forming what is more definitely termed fibro-vascular tissue or, 
when distinguishable into toeads, fibro-vascular bundles . These 
run lengthwise through the stem, sometimes as such separate 
threads, sometimes confluent into a compact structure. The 
softer or at least the non-fibrous portions, formed of comparatively 

a b d e f 9 



125 

short and commonly thin-walled cells, form cellular tissue. Its 
ordinary form (of roundish, cubical, or polyhedral and thin- walled 
cells) is called parenchyma. This abounds in herbaceous stems or 
herbaceous parts : in trees and shrubs, woody tissue largely pre- 
vails ; in most herbs, it forms a notable portion ; in some (especially 

riG 125. Fibro-vascular elements, a. Bast-cells (long wood-cells) of fibrous bark 
Of I^den or Bass-wood h Some wood-cells and (below) a duct, and c. a detached • 
woo^ll of the wood of same tree, equally magnlfiwl with a fl A detached wood- 
cell from a shaving of White Pine, showing the peculiar <hak-Uke markings, e. Portion 
of wme shaving /. Portion of a dotted duct from the Vine, evidently made up of a 
series effort cells g. Part of a smaller dotted duct, showing no appearanoe of such 
imposition A, i Spiral ducts or vessels, of the ordinary kind y. Spiral ducr of 
Banana, k. Duct from Celery, the thread within spiral or annular below, reticulated 
alM) ve, and iiighei passing into the state of dotted duct. I Duct from Impatlens, with 
the open spiral passing into rings at the middle. All magnified somewhat eqtuaUy. 




1 Terms introduced by DeCandolle, following the ideas of Desfontames, 
and which have played an Important part in structural and systematic 
botany ever since DeCandolle adopted these names as those of the two 
primary divisions of phsenogamous plants, Exogena and Endogenm. But it 
has long been seen that the name of the second kind is not appropriate ; and 
the older and better (though longer) names of Jussieu, Monocotyledones and 
Dicotyledones, are revert^ to. Yet the Candollean names are still much 
employed, with due explanation, to designate the two kinds of structure of 
the stem. 

® Yet with some more or less valid exceptions, as when the annual stem 
of Podophyllum and the rhizoma of Nymphjea, among dicotyledonous plants, 
imitate the endogenous structure ; or where the pith of an evidently exogenous 
stem, as in the Piperacess, has scattered woody bundles in an endogenous 
fashion; or where monocotyledonous plants have all their woody bundles in 
a definite circle, as in Luzula, Croomia, die. 

PIQh. 126 Soction of a small Palm-stem, in two directions. 
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the whole section, or when few in uumber of somewhat definite 
position or arrangement. The ordinary appearance of such a 
stem, both on the longitudinal and the cross-section, is shown 
in Fig. 126 ; it may also be examined in the Cane or Rattan, 
the Bamboo, and in the annual stalk of Indian Corn or of 
Asparagus. The appearance of ordinar 3 " wood is. very familiar. 

135, The newer woody bundles of an endogenous stemare vm- 

ously intermingled with lie old. When DeCandolle gave the name , 
it was supposed, from Desfontaines’s researches, that the older 
bundles occupied, or came at length to occupy, the circumference 
of the trunk, while only new ones were formed in the centre ; 
and that mcrease in diameter, when it fook"pIace at alT, resulted 
from the gradual growth and distention of the “wholeT Hence" - 
the contrasting name of enddgmom"^ OT'indEe for 

such plants the-na2le of Endogenous Plants, or Endogens. 

the stmcttire and growth of these stems, 
as will be seen, cannot be harmonized with this view in any 
way which gives to the name endogenous an appropriate signifi- 
cation. The name continues as a counterpart to the more correct 
one of exogenous, and as a survival of former ideas. 

136. The Endogenous Structure (so called) of the stem is cor- 
related with a monoeotyledonous embryo (39), usually with a 
ternary arrangement in the flower (322), and commonly with 
paraUel-veined leaves. (173.) Endogens, although they have 
many herbaceous and a few somewhat wood}' representatives 


in cool temperate climes, mostly attain their full variety of fea- 
tures and rise to noble arborescent forms under a tropical 
sun. Yet Palms — the arboreous t 3 'pe of the class — do extend 
as far north in this country as the coast of North Carolina (the 
natural limit of the Palmetto, Fig. 126*) ; while in Europe the 
Date and the Chamserops thrive in the warmest parts of the Euro- 


pean shore of the Mediterranean. T he manner of Jbei^gQ ^^ ^ 
gives them a striking appearance ; their^rwEilEsig ^ 
cylludiiuil tuimhii&”itog xo the height of from -tliirtvS y* on^* 
hundied and fitly 'TOT^' AM dlWheSf a t the s uinn iitwit h a simple 
cltlgcer -ijP pecullai "Pa Eas gsnerally ^o w fr on^ ' thp. 

terminal bud alone, a n d perish if this bud be destroy^ ; they 
grow slowlyTand beaf thelT tbhage in a cluster at the summit of 


the trunk, which consequently forms a simple cylindrical column. 


But in some instances two or more buds develop, and the stem 
branches, rarely and accidentally in ordinary species, regularly 
in the Doum Palm of Upper Eg}'pt, and in the Pandanus, or, 
Screw-Pine (Fig. 69) , which belongs to a family allied to Palms : 


in such cases the blanches are cylindrical. But when lateral 
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buds are freely developed (as in the Asparagus) , or the leaves 
are scattered along the stem or branches by the full development 
of intemodes (as in 
the Bamboo, Maize, 

&c. ) , the}" gradually 
taper upward in the 
manner of most ex- 
ogenous stems. 

137. This kind 
of stem comprises 
several subordinate 
t}"pes as to internal 
structure, which to 
be well understood 
must be studied his- 
tologically, under the 



microscope.^ To one 
of these, by no means 
the simplest, belongs 
the ordinary palm- 
stem, the anatomy 
of which was made 
olassical by Mohl, 
and has been 
supplemented 
by Nffigeli. 

In this a large | 
part of the 
bundles, or all 
of the more 

oonspicuous kind, starting from the base of the leaf to which 
they respective!}" belong, curve inward more or less strongly 
toward the centre of the stein, and thence gradually outward 
as they descend until they reach the rind, in which the 
attenuated lower extremity mostly terminates. Consequently , the 
bundles from different heights cross in their course, somewhat 


126 “ 


1 For the best and most accessible memoir on the subject, of recent date, 
see Guillaud, Recherohes rut PAnatomie compar<5e et le Bdveloppement des 
Tissus de la Tige dans les Monocotyl^dones, published in Ann. Sci. Nat. 
ser. 6, y. 1-170, 1877, Six types of the stem of Monocotyledons are here 
recognized by anatomical characters and modes of growth, one of them 
having four modifications. 

FIG 126« Sabal Palmetto in yarious stages; also the Yucoa alolfoUa or Spanish 
Bayonet 
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as shown in Fig. 127. It is partly owing to this 
these fibres with the rind that the latter is not 
the stem. In some Palms, 
there is no marked distinction 
the wood and rind, or no proper rind at 
all. In others, such as the Palmetto 
(Fig. 126), there is a mai’ked rind 
or false bark, which receives independent 
fibro-vascular bundles from the leaf-stalks, 
and is traversed by them in parallel lines. 
In Grass-stems, and others with long inter- 
nodes and closed nodes, the fibro- vascular 
bundles all run approximately straight 
and parallel through the intemodes, but are 
intricate and anastomosed in the nodes. 
The whole centre of the intemodes, when 
not hollow or before it becomes so, is occupied by a true pith, 
like that of an Exogen, and in some cases equally destitute of 
fibro-vascular bundles, but often with scattered ones, after the 
manner of certain Exogens anomalous in this respect, such as 
Nyctaginacese and some Araliacefle. Endogenous stems of 
simpler structure, as in herbaceous Liliacese, Commelynaceae, 
&c., have a distinct cortical portion (at least in the root-stock 
or portion of stem properly comparable with palm-trunks and 
the like) ; but this is mostly destitute of fibro-vascular bundles. 
Most of them have two kinds of vascular bundles, one 
of which not rarely occupies an exact circle in the line of 
division between the cortical and medullary portion (between 
bark and pith), and the other is within this circle, either of 
very few and scattered bundles, as in Convallaria majalis, or 
numerous and scattered, as in Uvularia and the leafy stems of 
Tradescantia Vii^inica ; or these bundles are few and arranged 
nearly in an inner circle close around the centre. Finally, Lnzula 
and Croomia have only one kind of bundles, answering to the 
outer ones of Convallaria ; in other words, the woody system 
forms a simple circle, dividing a purely cellular medullary from a 
similar cortical portion, thus closely imitating an herbaceous 
exogenous stem of the same age. 

138. An annual endogenous stem increases in diameter by 
general growth until it attains its limit. Ligneous and enduring 
stems increase similarly up to a certain period. Then the rind 

FIG 127 magrammatic yiew of the ourved coarBe of the fIhro-vaBcular hundlea 
in a palxQ-trunh. 
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sooncWlr ceases to distend or adapt itself to ftirther in- 
crease in diafndiet, and there is no interior provision for indefinite 
increase in the greater number of woody endogenous trunks. But 
in Dracflena (Dragon-trees), in the arborescent Yuccas, and the 
like, the zone intermediate between the coi*tical and interior re- 
gion, which is for a time active in many Endogens, here grows 
continuously and indefinitely. Such trunks increase in diameter 
throughout life; they may attain a very great age (as some 
Dragon-trees have done) ; and they imitate exogenous trunks 
to a considerable extent in mode of growth. 

139. The wood of an endogenous woody stem is hardest and 
most compact at the circumference; in pahn-stems commonly 
it is largely mixed with parenchyma or pith at the centre, even 
in old trunks. 

140. The Exogenous Structure, that of ordinary wood, is char- 

acterized by the formation of a distinct zone of wood between a 
central cellular medullary portion (pith) and an outer chiefly 
cellular portion (bark) , traversed by plates from the pith (medul- 
lary rays) , and by increasing from the outer surface of this zone 
between wood and bark, the increase in enduring stems consist- 
ing of definite concentric annual layers. ^ 

141. Its Beginning, at the earliest growth of the embryo, is in 
the appearance of a few ducts (Pig. 125, /4), at definite points 
in the common parenchyma of the initial stem (four equidistant 
ones in the Si^ar Maple) ; each is soon surrounded by incipient 
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proper wood-cells (Pig. 125,5, o), together forming a fibro-vascular 
bundle or thread. Additional ones are intercalated as the second 
and third intemodes develop, and so a column (in cross- 
section a ring) of wood is produced, always so arranged as to 


FIO. 128. niagram of a crosa-seotion of a fonning seedling stem, lOioWlng the 
manner In which the young wood Is arranged in the cellular system. 

no. 129. The same at a later period, the woody bundles increased so ae nearly to 
fill the circle. 

FTG^ 130. The same at the close of the season, where the wood has formed a com- 
plete circle, Interrnpted only by the meduHarv raif$, whi^ radiate from the pith to 
the baric. 
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surround a purely cellular central part (the pith) , while sur- 
rounded by a cellular external rind, the bark, or outer bark. 
The diagrams (Fig, 128-130) rudely show some stages in tue 
formation of the zone of wood. The fibro-vascular bundles 
originate in the bases of the leaves, and develop outward into the 
for ming leaves as well as downward into the forming stem. 1 
142. First Yearns Growth. The wood, even in a herbaceous 
or annual stem, at the completion of the first year’s growth, 

forms a zone or tube, 
enclosing the pith. But 
it is traversed by plates 
(in cross-section lines) 
of parenchyma, or cel 
lular tissue of the same 
nature as the pith, 
which radiate from 
that to the bark, and 
thus divide the wood 
into wedges. These 
lines, forming what is 
called the silver-^grain 
in wood, are the Med- 
ullary Rats. They 
represent the cellular 
system of the wood it- 
self, or untransformed 
parenchyma. Being 
pressed by the woody 
wedges, their cells are 
laterally fiattened. In 
some stems, the med- 
ullary rays, or many 
of them, are comparatively broad and conspicuous ; in others, 
thin and inconspicuous or irregular. The growth of the woody 
wedges is soon complete, except at the outer portion, next 
the bark: here they usually continue to grow through the 
season; that^(iSj^e wood grows externally. The general ana- 

FIG 181. Longitadinal and transverse section of a stem of the Soft Maple (Acer 
dasycaipxun), at the close of the first year’s growth , of the natural size. 

132 Portion of the samoi magnified^ showing the cenular pith, surrounded by 
the wood, and that by the bark 

FIG. 133 More magnified slice of the same, reaching from the bark to the pith; 
a. part of the pith , 6. vessels of the medullary sheath ; c. the wood ; d, d. dotted ducts in 
the wood ; e, e annular ducts , /. the liber, or inner fibrous bark ; g, the cellular envelope, 
or green bark; K the corky envelope; 4. the skin or epidermis; fc. one of the medullary 
rays, seen on the transverse section. 
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tomical structure of a woody exogenous stem of a year old is 
displayed in the Fig. 131-133. Viewing the parts particularly, 
nnd in order from centre to circumference, there is, — 

1st. The Pith or Medulla^ consisting entirely of soft and rather 
large thin-walled cells, ^ gorged with sap or other nourishing 
matter during the growing state, becoming light, dry^ and empty 
when effete. 

2nd. The Layer of Wood^ toversed by the medullary rays. In 
Pines and other Coniferae, the wood is of uniform structure, being 
wholly composed of ,a woody tissue with peculiar markings (Fig. 
125, d^e) : m other wood, ducts of one or more sorts occur ; the 
most conspicuous being what are termed dotted ducts. These 
are so lai’ge as to be evident to the naked eye in many ordi- 
nary kinds of wood, especially where they are accumulated in 
the inner portion of the layer, as in the Chestnut and Oak. In 
the Maple, Plane, &c., they are rather equably scattered through 
the annual layer, and are too small to be seen by the naked eye. 
Next the pith, i. e. in the very earliest formed part of the wood, 
some spiral ducts are uniformly found, and this is the only part 
of the exogenous stem in which these ordinarily occur. They 
may be detected by breaking a woody twig in two, after dividing 
the bark and most of the wood by a circular incision, and then 
pulling the ends gently asunder, when their spirally coiled fibres 
are readily drawn out as gossamer threads. As these spiral 
ducts form a circle immediately surrounding the pith, they have 
collectively been termed the medullary shealh^ but they hardly 
deserve a special name. The vertical section in Fig. 133 divides 
one of the woody wedges, and shows no medullary ray ; but there 
is one at the posterior edge of the transverse section. But, in the 
much more diagramatic Fig. 134, the section is made so as to show 
the surface of one of these plates, or medullary rays^ passing hori- 
zontally across it, connecting the pith (j>) with the bark (5). 
These medullary rays form the silver-grain (as it is termed) , which 
is so conspicuous in the Maple, Oak, &c., and which gives the 
glimmering lustre to many kinds of wood when cut in this direc- 
tion. A section made as a tangent to the circumference, and 
therefore perpendicular to the medullaiy rays, brings their ends 
to view, as in Fig, 135, much as they appear on the surface of a 
piece of wood from which the bark is stripped. They are here 
seen to be composed of parenchyma, and to represent the horizon- 

^ In rare instances, a few fibro-vascular threads are found dispersed 
through the pith, presenting a somewhat remarkikble anomaly. This 
occurs in Aralia racemosa, and more strikingly in MirabUis and other 
Nyetaginacese, and in Piperacew. ( 188 , foot-note.) 
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tal system of the -wood, or the woof^ into which the vertical woody 
fibre, &c., or warp, is interwoven. The inspection of a piece of oak 
or maple wood at once shows the pertinency of this illustration. 



8rd. The Bark or rind. This at first consisted ,Qf^ simple 
parenchyma, like that of the p^lthT'Scept for the green color 
doped in It^ the same as ’i Jmt ^^ y hich ^ves ver3aiicy to foliage. 
Tirrgreen -matter is- fbrmed in the cells of all such parts when 
expo^'TO light, of green grains of somewhat complex 
chemical composition, has important functions to perform in 
assimilation {i.e. in the conversion of the plant’s crude food into 
vegetable matter), and is named Chlorophyll, i. e, leaf-green. 
The completed bark, when all parts are apparent, as espe- 
cially in most trees and shrubs, is composed of three strata, of 
which the green bark, the most conspicuous in the young shoot, 
is the middle layer, therefore named the Mesophlcbum. This is 
soon covered, and the green color obscured, by a superficial 
stratum of cells, generally of some shade of ash-color or brown, 
occasionally of brighter tints, which gives to the twigs of trees 
and shrubs the hue characteristic of each species, the Corky 
Envelope or layer, or Epiphloeijm. The latter name denotes its 
external position ; the former, that it is the layer which, when 
much developed, forms the cork of Cork-Oak and those corky 
expansions which are so conspicuous on the twigs of the Sweet 
Gum (Liquidambar) , and on some of our Ehns (Ulmus alata 
and racemosa). It also forms the paper-like exfoliating layers 
of Birch-bark. It is composed of laterally flattened parenchy- 
matous cells, much like those of the Epidermis (Fig. 133, t), 
which directly overlies it, and forms the skin or surface of the 


FIG. 194. Veitioal seotion throni^ the wood of a brandi of tbe Maple, a year old, 
80 as to show one of the medullary rays, passing transyers^ from, the pith (p) to the 
bark (&); magnified. Bat a seotion can seldom he made so as to show one unbroken 
plate stretching across the wood, as in this instance. 

FIG. 185. A vertical section across the ends of the medullary rays : magnified. 
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stem, and of the whole plant. Lastly, the inner bark, accord- 
ingly named Endophlceum, takes the special name of Liber, and 
is the most important portion of the bark in the stems of trees 
and shrubs. Complete and well-developed hber, like that of 
Linden or Basswood, contains two peculiar kinds of cells in 
BO w 

l V / V ! » 
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addition to common parenchyma, both of the fibrous or vascular 
class: viz., 1. Cribriform or Sieve-cells, a sort of ducts the 
walls of which have open slits, through which they communicate 
with each other; 2. Bast or Bast-cells, the fibrc-likc cells 
which give to the kinds of inner baik that largely contain them 


FIO 135® Portion of a tran&verae section (above), and a oorrespondinff vertical sec- 
tion (below), magnified, reaching from the pith ( p) to the epidermis (e) of a stem of 
Negundo, a year old. B. the bark; W. the wood; and C, the cambium-layer, as found 
in February The parts referred to by small letters are; p* a portion of the pith; 
«r. small portion of a medullary ray where it runs into the pith; four complete med- 
ullary rays as seen on a transverse section, appear In the upper figure, running from 
pith to bark ' me, medutlary sheath, a circle of spiral unrollable ducts, one seen length- 
wise with uncoiling extremity In the lower figure: to, to. woody tissue: dd, one of the 
dotted ducts interaper8e<l In the wood’ cL oamblum-layer or sone of new growth of 
wood and inner bark : W liber or inner bark, the inner portion of which is here cellular, 
the outer (6) composed of slender and thiok-walled bast-cells or true llber-ceUa; 
■ffe green envelope or inner oollnlar bark; ce. corky envelope or cater oellular bark: 
< epidermis. 
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their strength and toughness. They are like wood-cells except 
in their greater length and flexibility, and in the thickness of 
their walls, which greatly exceeds the calibre. This is the 
material which gives to the hast or inner bark of Basswood, &c., 
the strength and pliability that adapts it for cordage and for 
making mats : it is the material of linen, and the hke textile 
fibres. (For a view of the whole composition and structure of a 
woody stem at the close of the first year’s growth, and immedi- 
ately before that of the second year begins, see Fig. 135*.) 

148. Annnal Increase in Diameter. An herbaceous stem does 
not essentially differ from a woody one of the same age, except 
that the wood forms a less compact or thinner zone ; and the 
whole perishes, at least down to the ground, at the close of the 
season. But a woody stem makes provision for continuing ita 
growth from year to year. As the layer of wood continues to 
increase in thickness throughout the season, by the multiplication 
of cells on its outer surface, between it and the bark, and when 
growth ceases tliis process of cell-multiplication is merely sus- 
pended, so there is always a zone of delicate young cells in- 
terposed between the wood and the bark. This is called the 
Cambium, or, better, the Cambium-layer. It is charged with 
oi^amzable matter, which is particularly abundant and mucila- 
ginous in spring when growth recommences. This mucilaginous 
matter was named GamUum by the older botanists : they sup- 
posed — as is still popularly thought — that the bark, then so 
readily separable, really separated from the wood in spring, that a 
quantity of rich mucilaginous sap was poured out between them 
and became organized into a tissue, the inner part becoming new 
wood, the outer, new bark. But delicate slices show that there 
is then no more interruption of the wood and inner bark than 
at any other season. The bark, indeed, is then very readily 
detached from the wood, because the cambium-layer is gorged 
with sap ; but such separation is effected by the rending of a 
delicate forming tissue. And if some of this apparent mucilage 
be scraped off from the surface of the wood, and examined under 
a good microscope, it will be seen to be a thin stratum of young 
wood-cells, with the ends of medullary rays here and there in- 
terspersed. The inner portion of the cambium-layer is therefore 
nascent wood, and the outer is nascent bark. As the cells of 
this layer multiply, the greater number lengthen vertically into- 
woody tissue: some are transformed into ducts; and others^ 
remaining as parench}Tna, continue the medullary rays or com- 
mence new ones. In this way, a second layer of wood is formed 
the second season over the whole surface of the former layer 
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between it and the bark ; and this is continuous with the 
laj’er of the new roots below and of the leafy shoots of the 
son above. Each succeeding year another layer is added to 
wood in the same manner, coincident with the growth in le 
by the development of the buds. A cross-section of an ex 
nous stem, therefore, exhibits the wood disposed in conce 
rings between the bai-k and the pith ; the oldest lying ne 
latter, and the youngest occupying the circumference, 
layer being the product of a single year’s growth, the age 
exogenous tree maj", in general, be correctly ascertaine 
counting the rings in a cross-section of the trunk. ^ 

144. Demarcation of the Annual Layers results from two or 
causes, separate or combined- In oak and chestnut wood 
the like, the layers are strongly defined by reason of the ac 
lation of the large dotted ducts (here of extreme size a 
great abundance) in the inner portion of each layer, where 
open mouths on the cross-section are conspicuous to the 
eye, making a strong contrast between the inner porous an 
exterior sohd part of the successive layers. In maple and 
wood, however, the ducts are smaller, and are dispersed thr« 
out the whole breadth of the layer ; and in coniferous wood 
that of Pine, Cypress, &c., there are no ducts at all, but o 
uniform woody tissue of a peculiar sort. In all these, th 
marcation between two layers is owing to the greater finenq 
the wood-cells formed at the close of the season, viz. tho 
the outer border of the layer, while the next layer begins, 


^ The annual layers are most distinct in trees of temperate climat 
ours, where there is a prolonged period of total repose, from the 
cold, followed by a vigorous resumption of vegetation in spring. In 
trees, they are rarely so well defined ; but even in these there is gen 
more or less marked annual suspension of vegetation, occurring, ho 
in the dry and hotter, rather than in the cooler season There are nm 
cases, moreover, in which the wood forms a uniform stratum, whate 
the age of the trunk, as in the arborescent species of Cactus ; or who 
layers are few and by no means corresponding with the age of the t 
in the Cycas. 

In many woody climbing or twining stems, such as those of Cl 
Aiistolochia Sipho, and Menispermum Canadense, the annual layer 
rather obscurely marked, while the medullary rays are unusually b: 
and the wood, therefore, forms a series of separable wedges disposed 
circle around the pith In the stem of Bignonia capreolata, the annual r 
after the first four or five, are interrupted in four places, and here as 
broad plates of cellular tissue, belonging properly to the bark, a|^ 
posed, passing at right angles to each other from the circumferen^ 
the centre, so that the transverse section of the wood near! 


«0 MORPHOLOGY OP STEMS. 

vigorous vernal growth, with much larger cells, thus marking 
an abrupt transition from one layer to the next. Besides being 
finer, the later wood-cells of the season are commonly flattened 
antero-posteriorly, probably by growing under greater pressure. 

145. Each layer of wood, once formed, remains essentially 
unchanged in position and dimensions. But, in trunks of con- 
siderable age, the older layers undergo more or less change in 
color, densit}-^ perviousness to moisture, &c. 

146. Sap-wood (Alburnum). In the plantlet and in the 
developing bud, the sap ascends through the whole tissue, of 
whatever sort : at first through the parenchyma, for there is then 
no other tissue ; and the transmission is continued through it, 
especially through its central portion, or the pith, in the growing 
apex of the stem throughout. But, in the older parts below, the 
pith, soon drained of sap, becomes filled with air in its place, 
and thenceforth it bears no part in the plant’s nourishment. As 
soon as wood-cells and ducts are formed, they take an active 
part in the conveyance of sap, for which their tubular and ca- 
pillary character is especially adapted. But, the duets in older 
parts, except when gorged with sap, contain air alone ; and in 
woody trunks the sap continues to rise year after year to the 
places where gi'owth is going on, mainly through the proper 
woody tissue of the wood. In this transmission, the new layers 
are most active ; and these are in direct communication with the 
new roots on the one hand and with the buds or shoots and leaves 
of the season on the other So, by the formation of new annual 
layers outside of them, the older ones are each year removed a 
step farther from the region of growth ; or rather the growing 
stratum, which connects the fresh rootlets that imbibe with the 
foliage that elaborates the sap, is each year removed farther from 
them. The latter, therefore, after a few years, cease .to convey 
sap, as they have long before ceased to take part in any vital 
operations. The cells of the older layers, also, usually come to 
have thicker walls and smaller calibre than those of the newer. 
Thus arises a distinction — sometimes obscurely marked, some- 
times abrupt and conspicuous — into sap’-wood and heart-wood. 
The former is the popular name given to the outer and newer 
layers of softer, more open, and bibulous wood. The early physi- 
ologists named it edbumum from.its white or pale color. Being 
more or less sappy, or containjpg soluble organic matter, and 
readily imbibing moisture, this part of the wood is liable to decay, 
and it is therefore discarded from timber used for construction. 

^ 147 . Heart-wood (or Duramen, so called from its greater hard- 
ness or durability) is the old^^ 
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In all trees ^hich have the distinction between the sap-wood and 
heart-wood well marked, the latter acquires a deeper color, and 
that pecuhar to the species, such as the dark brown of the Black 
Walnut, the blacker color of the Ebony, the puiplish-red of Red 
Cedar, and the bright yellow of the Barbeny. These colors are 
owing to special vegetable products, or sometimes to alterations 
resulting from age. In the Red Cedar, the deep color belongs 
chiefly to the medullary rays. In many of the softer woods, there 
is little change in color of the heart-wood, except from incipient 
decay, as m the White Pine, Poplar, Tulip-tree, &c. The 
heart-wood is no longer in any sense a hving part : it may perish, 
as it frequently does, without aflfecting the life or health of the 
tree. 

148. The Growth and Duration of the Bark, also the differences 
in structure, are much more various than of the wood. Moreover, 
the bark is necessarily subject to gi'ave alterations with advanc- 
ing age, on account of its external position ; to distention from 
the constantly increasing diameter of the stem within, and to 
abrasion and decay from the influence of the elements without. 
It is never entire, therefore, on the trunks of large trees ; but 
the dead exterior parts, no longer able to enlarge with the en- 
larging wood, are gradually fissured and torn, and crack off in 
strips or pieces, or disappear by slow decay. Bo that the bark 
of old trunks bears only a small proportion in thickness to the 
wood, even when it makes an equal amount of annual growth. 

149. The three parts of the bark (142), for the most part 
readily distinguishable in the bark of young shoots, grow inde- 
pendently, each by the addition of new cells to its inner face, so 
long as it grows at all. The green layer commonly does not 
increase after the first year ; the opaque corky layer soon excludes 
it from the light ; and it gradually perishes, never to be renewed. 
The corlsy layer usually increases for a.*few 3’ears only, b}^ the 
formation of new tabular cells : occasionally it takes a remarkable 
development, forming the substance called Cork^ as in the Cork 
Uak, and the thin and parchment-like laj’crs of the White and 
Paper Birches. 

150. The liber, or inner bark, continues its growth through- 
out the life of the exogenous tree, by an annual addition firom 
the cambium-layer applied to its inner surface. Sometimes this 
growth is plainty distinguishable into layers, corrfespondiDg. 

or more numerous than the annual layers of the 
there is scarcely any trace of such layers to be In 

composition and appearance, the liber varies greatly iif^fterent 
plants, especially in trees and shrubs. That' of Basswood or 
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n, and of other plants mth a similar fibrous bark, may be 
as best representing the liber. Here it consists of alter- 
trata of fibrous bast, and of the peculiar liber-cells called 
cells, in -which nourishing matter is especially contained 
laborated. While the latter, or their equivalents, occur 
lay an important part in all inner bark, the bast-cells are 
ther wanting in the bark of some plants, and are not pro- 
after the first year in many others. The latter is the case 
gundo, where abundant bast-cells, like those of Basswood, 
se the exterior portion of the first year’s liber, but none 
ver are formed in the subsequent layers. In Beeches and 
es, also, a few bast-cells are produced the first year, but 
afterwards. In Maples, a few are formed in succeeding 
In the Pear, bast-cells are annually formed, but in very 
quantity, compared with the parenchymatous part of the 
In Pines, at least in White Pines, the bark is nearly as 
geneous as the wood, the whole liber, except what answers 
e medullary rays, consisting of one kind of cells, resembling 
of bast or of wood in form, but agreeing with the proper 
-cells in their structure and markings. 

1. The bark on old stems is constantly decaying or falling 
from the surface, without any injury to the tree ; just as 
eart-wood within may equally decay without harm, except 
echanically impairing the strength of the trunk. There are 
t differences as to the time and manner in which the older 
of different shrubs and trees is thrown off. Some have 
r trunks invested with the liber of many years’ growth, 
ough only the innermost layers are alive ; in others, it scales 
much earlier. On the stems of the common Honeysuckle, of 
Nine-Bark (Spirsea opullfolia), and of Grape-vines (except 
s vulpina), the liber lives only one season, and is detached 
following year, hanging loose in papery layers in tne former 
“es, and in fibrous shreds in the latter. 

52. While the newer layers of the wood abound in crude sap% 
ch they convey to the leaves, those of the inner bark abound 
laborated sap, which they receive from the leaves and convey 
jhe cambium-layer or zone of growth. The proper juices and 
nliar products of plants are accordingly found in the foliage 
the bark, especially in the latter. In the bark, therefore 
ther of the stem or of the root) , medicinal and other principles 
usually to be sought, rather than in the wood. Nevertheless, 
' e wood is kept in connection with the bark by the medullary 
s, many products which probably originate in the former are 
osited in the wood. 



INTERNAL STRUCTURE. 


83 


153. The Living Parts of a tree or shrab, of the exogenous 
Mnd, are obviously only these: Ist, The summit of the stem 
and branches, with the buds which continue them upwards and 
annually develop the foliage. 2d, The fresh roots and rootlets 
annually developed at the opposite extremity. 3d. The newest 
strata of wood and bark, and especially the interposed cambium- 
layer, which, annually renewed, maintain a living communication 
between the rootlets on the one hand and the buds and foliage 
on the other, however distant they at length may be. These are 
all that is concerned in the life and growth of the tree ; and these 
are annually renewed. The branches of each year’s growth are, 
therefore, kept in fresh communication, by means of the newer 
laj^ers of wood, with the fresh rootlets, which are alone active in 
absorbing the crude food of the plant from the soil. The fluid 
they absorb is thus conveyed directly to the branches of the sea- 
son, which develop leaves to digest it. And the sap they receive, 
having been elaborated and converted into organic nourishing 
matter, is partly expended in the upward growth of new branches, 
and partly in the fonnation of a new layer of wood, reaching 
from the highest leaves to the remotest rootlets. 

154. Longevity of trees. As the exogenous tree, therefore, 
annually renews its buds and leaves, its wood, bark, and roots, 
— every thing, indeed, that is concerned in its life and growth, — 
there seems to be no necessary cause, inherent in the tree itself, 
why it may not live indefinitely. Some trees are known to have 
lived for one and two thousand years, and some are possibly 
older.^ Equally long may survive such endogenous trees as the 
Dragon tree (Dracaena) , which have provision for indefinite in- 
crease in diameter (138), and for the production of branches. 
The famous Dragon tree of Orotava, in Teneriffe, now destroyed 
by hurricanes and other accidents, had probably reached the age 
of more than two thousand years. 

155. On the other hand, increase in height, spread of branches 
and length of root, and extension of the surface over which the 
annual layer is spread, are attended with inevitable disadvantage, 
which must in time terminate the existence of the tree in a way 
quite analogous to the death of aged individual animals, which 
is not directly from old age, but from casualties or attacks to 


1 The subject of the longevity of trees has been discussed by DeCandolIe, 
in the “Biblioth^que Universelle " of Geneva, for May, 1831, and in the second 
volume of his “Physiologic V^g^tale;” more recently, by Alphonse DeCAn- 
dolle in the “ Bibliothfeque Universelle ; " and in this country by myself in the 
“ North American Review/' for July, 1844 Eor an account of the huge Red- 
woods (Sequoias) of California, see Whitney's Yosemite Book. 
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wMch the aged are either increasingly incident or less able to 
resist. A tree like the Banyan (59, Fig. 71), which by aerial 
roots continues to form new trunks for the support and sustenance 
of the spreading branches, and thus ever advances into new soil, 
has a truly indefinite existence ; but, then, it becomes a forest, 
or is to be likened to a colony propagated and indefinitely in- 
creased by suckers, offsets, or other subterranean shoots. So 
the question of the secular continuation of the indiddual plant 
becomes merged in that of continuation of the race, — at least of 
a bud-propagated race, — the answer to which is wholly’ in the 
domain of conjecture.^ However this may be, it is evident that 
a vegetable of the higher grade is not justly to be compared with 
an animal of higher grade; that in^viduaht^’ is incompletely 
realized in the vegetable kingdom ; ® that rather 

156. The Plant Is a Composite Being, or Commnnity, lasting, in 
the case of a tree, through an indefinite and often immense num- 
ber of generations. These are successively produced, enjoy a 
term of existence, and perish in their turn. ^ Life passes onward 
continually from the older to tlie newer parts, and death follows, 
with equal step, at a narrow interval. No portion of the tree is 
now living that was alive a few years ago ; the leaves die annu- 
ally and are cast off, while the intemodes or joints of stem that 
bore them, as to their wood at least, buried deep in the trunk 
under the wood* of succeeding generations, are converted into 
lifeless heart-wood, or perchance decayed, and the bark that 
belonged to them is thrown off from the surface. It is the aggre- 
gate, the blended mass alone, that long survives. Plants of 
single cells, and of a definite form, alone exhibit complete indi- 
\dduality; and their existence is extremely brief. The more 
complex vegetable of a higher grade is not to be compared with 
the animal of the highest organization, where the offspring always 
separates from the parent, and the individual is simple and indi- 
visible. But it is truly similar to the branching or arborescent ' 
coral, or to other compound animals of the lowest grade, where 
successive generations, though capable of living independently 
and sometimes separating spontaneously, yet are usually devel- 
oped in connection, blended in a general body, and nourished 
more or less in common. Thus, the coral ‘structure is built up 
by the combined labors of a vast number of individuals, — by 
the successive labors of many generations. The surface or the 
recent shoots only are alive ; beneath are only the dead remains 

^ See Barwiniana, xii. 388-355. 

^ As, perhaps, was first explicitly stated by Engelmaxin, in his inaugural 
essay. Be Antholysi Prodromus, Introduction, § 4. 
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of ancestral generations. As in a genealogical ti’ee, only the 
later ramifications are among the living. The tree differs from 
the coral structure in that, as it ordinaril}- imbibes its nourish- 
ment mainly from the soil through its roots, it makes a downward 
growth also, and, by constant renewal of fresh tissues, maintains 
the communication between the two growing extremities, the 
buds and the rootlets. Otherwise, the analogy of the two, as to 
individuality, is well-nigh complete. 


Section IV. Of Leaves. 

§ 1. Their Nature and Office. 

157. Leaf (Lat. Folmm^ in Greek form Phylhim)^ as a botani- 
cal teim, has on the one hand a comprehensive, on the other a 
restricted sense. In its commonest sense, as used in descriptive 
botany, it denotes the green blade only. Yet it is perfectly 
understood that the footstalk is a pait of the leaf, and therefore 
that the phrase “ leaves cordate,” or the like, is a short wa}" of 
saying that the blade of the leaf is cordate or heai-t-shaped. 
Moreover, two appendages, one on each side of the base of the 
footstalk, when there is anj", are of so common occurrence that 
they are ranked as a proper part of the organ. So that, to the 
botanist, a t3T3ical leaf consists of three parts: 1, Blade or 
Lamina ; 2, Foot-stalk or Leaf-stalk, technically Petiole ; 
3, A pair of Stipules. (Fig. 142.) 

158. The blade, being the most important part of an ordinary 
leaf, may naturally be spoken of as the whole. Petiole and 
stipules are indeed subsidiary when present, and are not rarely 
wanting. Yet sometimes they usurp/the whole function of foli- 
age, and sometimes there is no such distinction of parts. 

159. Physiologically, leaves are green expansions borne by the 
stem, outspread in the air and light, in which assimilation (3) 
and the processes connected with it are carried on. Vegetable 
assimilation, — the most essential function of plants, being the 
conversion of inorganic into organic matter, — takes place in 
all ordinary vegetation only in green parts, and in these when 
exposed to the light of the sun. And foliage is an adaptation 
for largely increasing the green surface. But stems, when green, 
take part in this office in proportion to the amount of surface, 
sometimes monopolize it, and in various cases increase th^ 
means of doing so by assuming leaf-like forms. (126-1^.) 
Leaves, especially in such cases, may lose this function, i^ppear 
only as useless vestiges, or may be subservient to various 'wholly 
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different uses. Form and function, therefore, are not sure indi- 
cations of the true nature of organs. 

160. Morphologically, and in the most comprehensive sense, 
leaves are special lateral outgrowths from the stem, definitely 
and sjTimietiically arranged upon it ; in ordinary vegetation and 
in the most general form constituting the assimilating apparatus 
(or foliage) , but also occurring in other forms and subserving 
various uses. Sometimes these uses are combined with or sub- 
sidiaiy to the general function of foliage ; sometimes the leaf is 
adapted to special uses only. So the botanist — recognizing the 
essential identity of oigans, whatever their foim, which appear 
in the position and conform to the arrangement of leaves — 
discerns the leaf in the cotyledons of a bean or acorn, the scale of 
a lil^'-bulb or the coat of an onion, the scale of a winter bud, and 
the petal of a blossom. Therefore, while expanded green leaves 
(which may be tautological^ termed foliage4eaves) are taken as 
lie proper t^’pe, the common name of leaves, in the lack of any 
available genenc word, is in moiphological language extended to 
these special forms whenever it becomes needM to express their 
nhylline or foliar nature. 

161. In the morphological view, all the plant’s organs except- 
ing roots (and excepting mere superficial productions, such as 
hairs, prickles, &c.), belong either to stem or to leaves, are 
either cauline or phyllme in nature. To the latter belong all the 
primary outgrowths from nodes, all lateral productions which 
are not axillai^%^ Whatever is produced in the axil of a leaf is 
cauline, and when developed is a branch. 

162. The Bnration of Leaves is transient, compared with that 
of the stem- They may be Jugacious^ when they fall off soon 
after their appearance; deciduovs, when they last only for a 
single season ; and permtent^ when they remain through the cold 
season, or other interval during which vegetation is interrupted, 
and until after the appearance of new leaves, so that the stem is 
never leafless, as in JSvergreens* In many evergreens, the leaves 
have only an annual duration ; the old leaves falling soon after 
those of the ensuing season are expanded, or, if they remain 
longer, ceasing to bear any active part in the economy of the 
vegetable, and soon losing their vitality altogether. In Pines 
and Firs, however, although there is an annual fall of leaves 
either in autumn or spring, yet these were the produce of some 

1 There are cases in which this rule is of difhcult application, or is seem- 
ingly violated, sometimes by the suppression of the subtending leaf, as in the 
inflorescence of Cruciferae, rarely in other ways, to be explained in the 
proper places. 
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season earlier than the last;, and the branches are continually 
clothed with the fohage of from two to five, or even ten or more 
successive 3 'ears. On the other hand, it is seldom that all the 
leaves of an herb endure through the whole growing season, the 
earlier foliage near the base of the stem perishing while fresh 
leaves are still appearing above. In our deciduous trees and 
shrubs, howev er, the leaves of the season are mostlj' developed 
within a short penod, and they all perish in autumn nearly 
simultaneous!}". 

163. Leaves soon complete their growth, and have no power 
of further increase. Being oigans for transpii*ation, a very large 
part of the water imbibed by the roots is given out b}" the foliage, 
leaving dissolved earth}' matters behind. Assimilation can take 
place only in fresh and \dtally active tissue. It is incident to all 
this that leaves should be of only transient duration, at least in 
their active condition. 

164. Defoliation. The leaves of most Dicotyledons and some 
Monocotyledons separate from the stem and fall by means of an 
articulation at the junction with the stem, which begins to form 
early in the season and is completed at the close. There is a kind 
of disintegration of a transverse layer of cells, which cuts ofP the 
petiole by a regular line, and leaves a clean scar, such as is seen 
in Fig. 81, 85, 91. Some leaves, notably those of Pabnif', 
Yucca, and other endogens, die and wither on the stem, or wear 
away without falling. 

165. In temperate climates, defoliation mostly takes place at 
the approach of winter. In warmer climates having only winter 
rain, lius occurs in the hot and dry season. 

166. Normal Direction or Position. The leaf-blade is expanded 
horizontally, that is, has an upper and an under surface. When 
erect, the upper surface faces ^e axis which bears it. To this, 
there are many seeming but no real exceptions ; that is, none 
which are not explicable as deviations or changes from the normal 
condition. (218-217.) 

§ 2. Thbir Structure and Forms as Groans or Assimilation 
OR Vegetation, i- e, as Foliage. 

167. The Internal Stmctnre or Anatomy of the leaf needs here 
to be examined so far as respects its obvious parts and their 
general composition. The leaf, like the stem, is composed of 
two elements (131), the ceUvIar and the woody- The cellular 
portion is the green pulp or parench}Tna, and in this the work 
of assimilation is carried on. The woody is the fibrous firame- 
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work, the separate parts or ramifications of which form what are 
variously called the rihs^ — a sufficiently proper term, — nerves or 
veins. The latter names may suggest false analogies ; but they 
are of the commonest use in descriptive botany. That of veins^ 
and of its diminutive, veinlets^ for the smaller ramifications, is 
not amiss ; for the fibrous framework not only gives firmness 
and support to the softer cellular apparatus, i. e. forms ribs, 
but serves in the leaf, as it does in the stem, for the more rapid 
conveyance and distribution of the sap. The subdivisions con- 
tinue beyond the Mmits of unassisted vision, until the fibro- vas- 
cular bundles are reduced to attenuated fibres ramified through 
the parenchyma. In leafstalks, the woody bundles are parallel, 
not ramified, and arranged in various ways ; in Exogens usually 
so as to foim in cross-section an arc or an incomplete or com- 
plete ring. In leaves serving as foliage or organs of assimilation, 
the blade is the important pari, and this only is here regarded. 

168. The characteristic contents of these cells of parenchyma 
are grains of chlorophyll (142®), literally leaf-green^ to which 
the green color of foliage is wholly owing, and which may be 
regarded as the most important of all vegetable products ; 
because it is in them (or in this green matter, whatever its form, 
189) that all ordinaiy assimilation takes place. As it acts only 
under the influence of light, the expanded leaf-blade may be 
viewed as an arrangement for exposing the largest practicable 
amount of this green matter — the essential element of vegeta- 
tion — to the light and air. 

169. The Parenchyma-cells, constituting the green pulp, are 
themselves arranged in accordance 
with this adaptation. The upper stra- 
tum is mostly of oblong cells, compactly’' 
arranged in one or more lay^ers, their 
longer diameter perpendicular to the 
suriace. The stratum next the lower 
surface of "the leaf consists of loosely 
arranged cells, with longer diameter 
usually parallel to the plane of the leaf, 

irregular in form, and so disposed 
to leave intervening sinuous air-spaces freely permeating all 



mai^ifled section throngh the thickness of a leaf of Illlcium Flori- 
® spaces or passages between the cdls, which are small in 

vertically) are well com- 

** ^ ^®®ve only minute vacuities at their rounded ends; but tho spaces are 
and copious in the rest of theleaf^ where the cells are very loosdy arranged. 

upper (a) and of the lower surfece of the leaf (ft), 
composed of perfectly comhined and tl^ck-waUed empty cells. 
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that part of the leaf. (Fig. 136, 137.) Hence in good part the 
deeper green hue of the upper, and the paler of the lower face 
of leaves. 

170. Epidermis. The whole surface of leaves, as of j’oung 
stems, is invested with a translucent membrane, composed of 
one or sometimes two or three laj-ers of empty and rather- 
thick- walled cells. This is the skin or epidermis ^ which is so 
readily separable from the succulent tissue of such leaves as 
those of Stonecrop and other species of Sedum. It is of a single 
layer in the lUicium (Fig. 136) and Lily (Fig. 137) ; of as 
many as three in the firm leaf of the Oleander ; is generall}'- 
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hard and thick in such coriaceous leaves as those of Pittosporum 
and Laurustinus, which thereby the better endure the dry air of 
rooms in winter. 

171. Stomata or Breathing-pores.^ The epidermis forms a 
continuous protective investment of the leaf except where certain 
organized openings occur, the stomafa. They are formed by a 
transformation of some of the cells of the epidermis ; and consist 
usually of a pair of cells (called guardian-cells) , with an opening 
between them, which communicates with an air-chamber within, 
and thence with the irregular intercellular spaces which permeate 
the interior of the leaf. Through the stomata, when ojieu, free 
interchange ma^" take place between the external air and that 

^ The technical name has been anglicized stomates, singular stomate, which 
has no advantage over the proper Greek, sing, s/owia, pL stomata 

FIG. 137 A magnihed section tlirougU the thicIcnesR of a minnte piece of the leaf 
of tljc White Lily of the gardens, showing also a portion of the under side with some 
hreathing-poroH, bimnata 
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within the leaf, and thus transpiration be much facilitated. 
When closed, this interchange will be interrupted or impeded. 

The mechanism of stomata is somewhat 
recondite, and will be illustrated in the 
anatomical and physiological volume of 
this series. 

172. It is only when leaves assume 
a vertical or edgewise position that the 
stomata are in equal numbers on both 
faces of a leaf. Ordinarily, they occupy 
1 S 8 or most abound on the lower face, which 

is turned away from the sun ; but in certain coniferous trees the 
reverse of this is true. In the W ater Lilies (Nymphsea, Nuphar) , 

^ ^ and other leaves which float 
W water, the stomata all 

fol upper surface, 

rm Leaves which hve under water, 

[ LLjJ LCU where there can be no evapora- 
189 140 141 tion, are destitute, not only of 

stomata, but usually of a distinct epidermis also. The number 
of the stomata varies from 800 to about 170,000 on tlie square 
inch of surface in diflerent leaves. In the Apple, there are said 
to be about 24,000 to the square inch (which is under the average 
number, as given in a table of 36 species by Lindley) ; so that 
each leaf of that tree would present about 100,000 of these 
orifices. The leaf of Dragon Arum is said to have 8,000 
stomata to a square inch of the upper surface, and twice that 
number in the same space of the lower. That of the Coltsfoot 
has 12,000 stomata to a square inch of the lower epidermis, 
and only 1,200 in the upper. That of the W'hite Lily has 
from 20,000 to 60,000 to the square inch on the lower sur- 
face, and perhaps 3,000 on the upper; and they are so re- 
markably large that they may be discerned hy a simple lens of 
an inch focus. 

172*^enation, the veining of leaves, &c., relates to the mode 
in which the woody tissue, in the form of ribs, veins, <fec., is 
distributed in the cellular. There are two principal modes, the 
parallel^mined aud the reticulc^ed or netted-^veined. The former 
is especially characteristic of plants with endogenous stem and 
monocotyledonous embryo, and also of gymnospermous trees, 


FIG:. 138. A highly magnified piece of the epidermis of the Garden Balsam, with 
three stomata (after Brongnlart). 

FIG 139 Mflgnified view of the 10,000th part of a square Inch of the epldezmls of 
the lower surface of the leaf of the White Lily, with Its stomata. 140. A slxi^e stoma, 
more magnified 141 Another stoma, widely open. 
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which have exogenous stems and at least dicotjdedonous 
embr^DS. The latter prevails in ordinary plants with exogenous 
stem and dicotyledonous embiyo. 

1 73. ^/Parallel- veined or Nerved leaves (of which Fig. 143 is 
an illustration) have a framework of simple ribs (called by the 
earlier botanists nerves^ a name still used in descriptions), which 
run from the base to tip, or sometimes from a central strong nb 
to margin of the leaf, in a generally parallel and undivided way, 
and sending off or connected by minute veinlets only. Grasses, 



Lily of the Valley, and the like, illustrate the commoner mode 
in which the threads of wood run from base to apex. The 
Banana and Canna are familiar illustrations of a mode not un- 
■common in tropical or subtropical endogens, in which the threads 
or “nerves” run firom a central rib {midrib) to the margin. 
Parallel-veined leaves are generally entire, or at least their 
margins not toothed or indented. The principal exception to 
this occurs when the ribs or the stronger ones are few in number 
and radiately divergent, as in the fiahelKform leaves of Fan- 
palms, a peculiar modification of the parallel-veined t}'pe. 
Between leaves with nerves wholly of basal origin, and those 
with nerves all springing from a midrib, there are various grada- 
tions, and also in respect to curving. But parallel-veined or 
nerved leaves may be classified into 


no 142 A leaf of the Quince, of the uetted-yelned or reticulated sort, 
blade (6), petiole or leaf-stalk (p), and stipules (Af). 

FIG 14B ParaUel-velned leaf of tiie lily of the Valley, ConyaUaila 
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BasaUneirved^ that is, with the nerv’es all springing from the 
base of the leaf, and 

Gostcd-nerved^ springing from a midrib or costa. Either may be 

Rectinerved^ the nerv^es running straight from origin to apex 
or margin of the leaf, as the case may be ; 

Ourvinerved^ when cur\dng in their course, as in the leaves 
of FunMa and in Canna ; 

Flahellinerved, where straight nerv-es and ribs radiate from the 
apex of the petiole, as in Fan-palms and the Gingko tree. 

174. In typical parallel- veined leaves, all reticulation is con- 
fined to minute and straight cross-veinlets : in many, these are 
coarser, branching, and reticulated ; in some, as in Smilax and 
Dioscorea, only the primar 3 ^ ribs or sfrongest nerves ai*e on the 
paraUel-veined plan ; the space between being filled with reticu- 
lations of various strength ; thus passing by gradations into 

175^ Beticnlated or Netted- veined leaves. In most of these, 
from one to several primaiy portions of the framework are 
particularly robust, and give origin to much more slender ram- 
ifications, these to other still smaller ones, and so on. The 
strong piimary portions are Ribs {costce) ; the leading ramifi- 
cations, Veins {yenm) ; the smaller and the ultimate subdivisions, 
Veinxets {vemda ) . All or some of the veins and veinlets are 
said to anastomose^ i, e, variousl}’ to connect with those from 
other trunks or ribs, apparently in the manner of the veins and 
arteries of animals, forming meshes. But, as there is no opening 
of calibre of one into another, the word is etymologically rather 
misleading. More properly, it is said that the veins or veinlets 
form reiiculations or net- work. A primaiy division of reticulated 
leaves, and indeed of nerved leaves also, into two classes, is 
founded upon the number of primar}^ ribs. 

176. There may be only a single primary rib ; this ti-aversing 
the blade from base to tip through its centre or axis (as in Fig. 
142, 152-166) is called the Midrib. There may be otliers, gen- 
erally few (one, two, three, or rarely’ four) , rising from the apex 
of the petiole on each side of the midrib, running somewhat par- 
allel with it or more or less divei^ng from it : these are lateral 
ribs. Among parallel- veined leaves, the Banana, Canna, &c., 
have a single rib, from which the veins (in the older nomencla- 
ture here called nerves) all proceed. Most Lilies and the like 
have several appiDximately parallel ribs, but the midrib pre- 
dominant ; in other cases, the midrib is no stronger than the 
others. In Fan-palms, the ribs are radiatel}^ divergent, giving 
a fan-shaped or rounded outline to the blade. In reticulated 
leaves, in which the veins all spring from the ribs, the two 
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classes into which they divide are the ^innately veined and the 
pahnately veined. 

177i>^niiately or Feather-veined (or Penninerved) leaves 
fii*e accordingly those of which the veins and their subdivisions 
are side branches of a single centi’al rib (midrib), which traverses 
the blade from base to apex ; the veins thus being disposed in 
the manner of the plume on the shaft of a feather. (Fig. 142, 
152, &c.) Sometimes these continue straight and undiminished 
from midrib* to margins (straight- veined, as in Beech and Chest- 
nut, Fig. 152), sending off only small lateral veinlets ; some- 
times they ramify in theii* course into secondary or tertiai*y veins, 
and these into veinlets. Pinnate venation in reticulated leaves 
naturally belongs to leaves which are decidedfy longer than wide. 

178. Some of the primary veins, commonly among the lower, 
may be stiunger than the rest, and thus take on the character of 
ribs, or b}’ gi’adations pass into such. The leaf of the common 
annual Sunflower (Fig. 155) becomes in this waj^ triple-nhhed or 
tripli~n&rved. The appearance of a second pair of such strength 
ened veins makes the venation quintupU-Hhhed or qidniupli^nerved. 


144 145 146 147 146 149 



Through the approximation of such strong veins to the base of 
the blade, this venation may pass into the 
ux'lTO. Falmately, Bigitately^ or Badlately Veined (or Palmi-^ 
nerved) class, of which leaves of common Maples ^nd the Vine 
are familiar examples. (Also Fig, 158-160, &c.) In these 

FIG- 144-157. Various forms of simple leares, explained in the text and in the 
GloiBBary. 
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there are three, five, seven, or sometimes more ribs of equal 
gtrength, the central being the midrib, and each with its system 
W veins which ramify and form meshes in the interspaces. Here 
the whole woody portion of the leaf divides equally into a num- 
ber of parts upon leaving the petiole or entering the blade. The 
ribs there commonly diverge more or less in a palmate or digitate 
manner {i. e. like outspread fingers of the hand, or the claws of a 
bird, or like radii of more or less of a circle) : so, in the corre- 
lation of outline and venation, this class of veining goes with 



roundish circumscription. This is not so true, however, in a 
special case, viz., where the ribs, however divergent below, curve 
forward and all run to the apex of the blade, thus imitating the 
parallel-veined system, as in Rhexia and generally in the family 
of whi^ that genus is the single northern representative.^ 

Forms as to Outline^ DeCandoUe conceived the shape 
of leaves (both the general circumscription and the special con- 
figuration) to depend on the distribution of the ribs and veins, 
and quantity of the parenchjuna in which these were outspread, 
a too mechanical view, and not conformable to the histoiy of 
•development. This proves that the framework is adapted to the 
parenchyma, which grows and shapes the oi^an in its own way, 
rather than the parenchyma to it. It were better to say that the 


1 In Linnaean terminology, palnaU and digitate referred to particular out- 
separately used to denote extent of division,— po/mofe, not 
dx^ded down to th* petiole, digitate, when divided, like the claws of a bird, 
quite down the base. DeCandoUe generalized the use of the former texnv 
and ever since the two have been used interchangeably. 

^ Various forma of simple, chiefly palxoately veined leaves. 
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two elements of the structure are correlated. Descriptive terms 
applied to leaves are equall}' applicable to all expanded organs 
or parts, and indeed to all outlines. Some leading for ma are*^ 
here enumerated ; and all are defined in the Glossary. 

181. As to general Circumscription, proceeding from narrower 
to broader shapes, and then to those with either naiTowed or 
notched base, leaf-blades are 



Linear^ when narrow, several times longer than wide, and of 
about the same breadth throughout. (Fig. 167.) 

Lanceolate^ or Lance-shaped^ when several times longer than 
wide, and tapering upwards (Fig. 158, 168), or tapering both 
upward and downward. 


Oblong^ when nearly twice or thrice as long as broad. (Fig. 169.) 

Elliptical^ oblong with a flowing outline, the two ends alike 
in width. (Fig. 170.) 

OraZ, the same as broadly elliptical, or elliptical with the 
breadth considerably more than half the length. 

Ovale ^ when the outline is like a section of a hen’s-egg length- 
wise, the broader end being downward. (Fig. 171, 155.) 

Orbicular^ or Rotund^ circu- 
lar in outline, or nearly so. 

(Fig. 160.) 

Ohovate^ inversely ovate, or 
ovate tnth the narrower end 
toward the base, the broader 
upward. (Fig. 175, 145.) 

* \ I/O 170 

(Juneate, or Ometform, that is, Wedge-shaped, broad above and 
tapering by straight lines to an acute base. (Fig. 176, 148.) 

^atulate, rounded above, long and narrow below, like a 
spatula. (Pig. 174, 147.) 

Oblemeeolate, mverted lance-shaped, i. e. such a lanceolate 
leaf as that of Pig. 168, but with the 'more tapering end at base, 
as in Kg. 173. To those who restrict the term lanceolate to the 
sense of a narrow leaf tapering equally in botti direcri^, 1^, 

. ...11 Jki 
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term oblanceolate is superfluous. The following tenns desig-J 
nate leaves with a notched instead of narrowed base. ‘ 

Cordate^ or Heart-shaped^ when a leaf of an ovate form, orf 
something like it, has the outline of its rounded base turned in! 
(forming a notch or sinus) where the stalls is attached, as in', 
Fig. 172, 151. Also Fig. 149, Pontederia, a leaf of the parallel-^ 
veined class. 

JReniform, or Kidney-shaped^ like the last, only rounder and* 
broader than long. (Fig. 158.) 1 

Auriculafe^ or Eared^ having a pair of small and blunt pro-' 
jeetions, or ears^ at the base, as in Magnoha Fraseri, Fig. 178. ! 

Sagittate^ or Arrow-shaped^ where such ears are acute and tumedr 

downwards, while the, 
main body of the blade ' 
tapers upwai’ds to at 
point, as in the com-, 
mon species of Sagit-* 
tana or AiTow-head, 
and in the Arrow- * 
leaved Polygonum. 
(Fig. 165, 177.) j 
HastcUe^ or Halherd- 
shapedy when such! 
lobes at the base point outwards, giving the leaf the shape of thef 
halberd of the olden time, as in Polygonum anfolium (Fig. 179) 1 
and Sorrel, Fig. 163. 

182. Peltate or Shield-shaped leaves are those in which a blade 
of rounded or sometimes of other shai^e is attached to the petiole 
by some part of the lower surface, instead of the basal margin : 
those of Water-shield or Brasenia, of Nelumbium, and of Hydro- 

! 1yle umbeUata are mai’ked examples. The anomaly is mor- 
iologically explained by a comparison with deeply cordate or 
tiform leaves having a narrow sinus, such as those of Njm- 
lea or Water Lily, and by supposing a union of the approxi- 
fceted edges of the sinus. Fig. 159 and 160, from two species 
of H 3 ’^droeotyle, one with open and the other with closed sinus 
obliterated by the union, illustrate this. 

183yAs to Extremity, whether base or apex, there are several 
descriptive terms, expressive of the principal modifications; 
such as 

Acuminate^ tapering, either gradually or abruptly, into a 
narrow more or less prolonged termination. (Fig. 180.) 



FIG. 177-170. Sagittate, aurioulate, and hastate leaves 
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Acute^ ending in an acute angle, without special tapering, as 
in Fig. 181. 

Obtuse^ ending with a blunt or roundish extremity. Fig. 182. 

Truncate^ with termination as if cut off by a straight transverse 
line, as in Fig. 183. 

Retiise^ with an obtuse extremity slightly depressed or re-enter- 
ing, as in Fig. 184. 

Emarginate^ with a more decided terminal notch, Fig. 185. 

Ohcordate^ inversely heart-shaped, L e, like cordate, but the 
broader end and its strong notch at apex instead of base, Fig. 
186. This and the followmg terms are applicable to apex only. 

Mucronate^ abruptly tipped with a small and short point, like a 
projection of the midrib, as in Fig. 188. 

Cuspidate^ tipped with a shaip and rigid point, as in Fig. 187. 

A 

180 

184V^ to Margin or special Outline, the terminology proceeds 
upon the convenient supposition of a blade with quite entire margin, 
but subject to incisions, which give rise to notches or clefts, if we 
regard the sinuses ; or to teeth, lobes, segments, &c., if we regard 
the salient portions between the sinuses. The ribs, or the stronger 
veins, &c., commonly tenninate in the teeth or lobes ; but in Cicuta 
maculata, and in a few other cases, they run to the notches. 

'3lr85. Dentation relates to mere marginal incision, not extend- 
ing deeply into the blade. The blade is said to be 

Entire^^ when 
the margin is com- 
pletely filled out 
to an even line, as 
in Fig. 173-179, 

Serrate^ when 
with small and 
sharp teeth direct- 
ed forward, like 
the teeth of a saw, 
as in Fig. 189. 

SemtlcUe is the 
diminutive of serrate, and is equivalent to minutely serrate. 

^ Intege!rrimuS’<i''Um, or quite entire^ is the term in Latin teriopinolpgf. Jute* 
ger means undivided or not lobed, Vh 

FIO. 180-188 Termlnatioiis of leaves. 

FCO. 180-101 nentstion of plonately veined teavOs. 

7 
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Dentate^ or Toothed^ a general term for toothing, specially 
' applied to the case of salient teeth which are not directed for- 
ward or towards the apex of the blade, Fig. 190. 

Orenate^ or Scalloped^ the same as dentate or serrate, but with 
teeth much rounded. Fig. 191. 

Eepand^ or Undulate^ when the margin is a wavy line, bending 
slightly inwaid and outward, Fig. 192. 

Smuate^ when this wavy line is stronger or distinctly sinuous, 
as in Fig. 193. 

Incised^ when cut by sharp and irregular incisions more or less 
deeply, Fig. 194. This is intermediate between dentation and 

186. Lobation or Se^entation. When the blade is more 
deeply penetrated by incisions from the margin, that is, when 
the spaces between the ribs or principal veins are not filled to 
near the general outline, it is said to be lohed^ clefts parted^ or 
divided^ according to the degree of separation ; and the portions 
are called lobes^ segments^ divisions^ &c. The most general name 
for such parts of an}’ simple blade is that of lobes. More par- 
ticularly a leaf-blade, or other body, is said to be 

Lobed^ when the division extends not more than half way down, 
and either the sinuses or the lobes are rounded ; 

Clefts when the division is half way down or more, and the 
lobes or sinuses narrow or acute ; 

Parted^ when the divisions reach almost, but not quite, to the 
base or the midrib ; 

Divided^ when they sever the blade into distinct parts, which 
makes the leaf compound. (198.) 

187, Lobe is the common name of one of the parts of a simple 
blade, especially when there is only one order of incision. But 
when there are more, as when a leaf is divided or parted and 
these pnmaiy lobes again lobed or cleft, the lobes of first order 
are commonly called Segments (sometimes divisions or partitions^ 
and the parts of these, Lobes. Or the lobes may be designated 
as primary, secondary, tertiar}’, &c. Ultimate portions or small 
lobes may be called Lobules or Lobelets. Also the portions of a 
quite divided blade take the name of Leaflets. By proper selec- 
tion of terms, the degree of division or lobing may thus be 
pressed in a single word. 

V/ 188. As to Number of partS 9 this may be tersely expressed by 
combination with the adjective term applicable to the degree ; as, 
Thvodobed^ Three-dobed.^ Five-dobed., Manydobed., ^c. ; or Tmo-Five-- 
cleft, Mmy-cleft, &c,, in Latin form Mfid, Trifid, Multijid, &c. ; 
Two-flve-parted, &c., according to the number of divisions 
which extend almost to the base or axis ; Two-^Five-divided (in 
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Latin fonn Bisected^ Trisected^ &c.), when there are two or three 
or niOTe complete divisions of the blade. 

1^. As to Arrangement of parts, this may be simply and best 
expressed by taking into account tlie nature of the venation or 
the distribution of the ribs, &e., which controls or is co-ordinated 
with the disposition of the lobes. Pinnately veined leaves, 
when lobed, must needs have the incisions directed to the mid- 
rib ; palmately-veined or radiated, to the apex of the petiole. 
The lobes or divisions of the first will be pinnately, of the second 


TW 190 197 1^8 
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palmately disposed. Accordingly, the three leaves of as many 
species of Oak, Fig. 195, 196, and 197, represent respectively a 
pinnately lobed^ pinnately cleft^ and pinnately parted leaf, while the 
accompanying leaf of Celandine, Pig. 198, pinnately dwided. 
The first toee, however, when the degree of incision is not par- 
ticularly in question, usually pass under the common term of 
pinnatijid^ Fig. 195 moderately, Fig. 197 deeply. The number 
of lobes, when definitely marked, may come into the descriptive 
phrase, as pinnately lAobed^ pinnately 1 -olefin parted^ or divided^ 
as the case may be. 

190. Similarly, Figures 199 to 202 represent, respectively, a 
pcdmately three-hhed^ three-<left^ three-parted^ and three-divided^ or, 
in Latin form, trilohate^ trifid^ tripartite^ and trisect or trisected 
leaf. Fig. 166 is SupaJmately hearted leaf; Pig. 164, 


FIG- 195-198, Pinnately lobed, cleft, parted, and divided leavM. 
FIG. 199-202, Palmately 3-lobed, cleft, parted, and dlvldedleavee. 


X 
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multifid^ &c. Fig. 162, a leaf of Dragon Arum, is palmately 
^-parted. But, as the lateral sinuses are not so deep as the 
others, the leaf is said to be pedately parted^ or pedate^ in the 
earl}’ tennmology. 

191. Moreover, as the lobes or divisions of a leaf maybe 
again similarly lobed or parted, &c., this composition may be 
indicated by the prefix twice, thrice, &c., as twice pinnatijid or 
hipinnatijid, thrice pinnaiely parted^ thrice palmately parted^ and 
the like. Thus, a word or two, or a short phrase, may describe 
even a complex leaf, so as to convey a peifectly clear and defi- 
nite idea of its confonnation. 

192. A distinction should now be drawn between simple and 
compound leaves. The distmction cannot be both natural and 
absolute ; for the one may pass variously into the other. Simple 
leaves^ which have been thus far considered, have a single lamina 
or blade, which may, however, at one extreme be entire, at the 
other many-parted, and even several times divided. 

^93. Compound Leaves are those which have from two to 
many distinct blades, on a common leafstalk. These blades, 
called Leaflets, ma}' be sessile on the common leafstalk, or they 
may have leafstalks of their own. As the leaf very commonly 
separates in age b}’ an aiUculation of its petiole with the stem, 
so leafiets are commonly’ more or less articulated with the com- 
mon petiole. When the leaf, with its petiole, falls from the 
stem, the leaflets may as completely separate from the com;mon 
petiole. They do not always do this. Divided leaves, such as 
those of Fig. 198 and 202, though ranked among the simple 
sorts, are compound in the sense of having distinct blades, 
but without articulation. Some of these blades are apt to be 
confluent ; that is, a divided leaf is often in part merely parted, 
as in the upper portion of Fig. 198. Such leaves are so inter- 
mediate between simple and compound that it becomes indiffer- 


ent, or a matter of convenience to be settled by analogy, under 
which head or by what language they shall be described. How- 
ever, most leaves are so constituted as to leave no doubt whether 
they are simple or compound. 

194. The leaflets of a compound leaf being homologous with 
the lobes or segments of a simple leaf, indeed being such segments 
fully isolated, the two sorts fall under the same types. A pin- 
nately veined simple leaf is the homologue of one kind of com- 
pound leaf; a radiately veined leaf, of the other. That is, 
compound leaves are either pinnate or palmate. 

Pinnate Leaves (Fig. 203—205) are those in which the 
levels are arranged along the sides of a petiole, or rather of its 
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prolongation, the Ehachis, which answers to the midrib of a pin- 
nately veined simple leaf. There are thi'ee principal sorts, and 
some subordinate ones. That is, a pinnate leaf may be 



203 S04 205 


Impari’-pinnate^ or pinnate with an odd leaflet, L e, a terminal 
one, as in Fig. 203 ; and this is the commoner case. 

(krrhiferous Pinnate^ or pinnate with a tendnl (Fig. 204) , as 
in the proper Pea tribe and Bignonia. Here either the termi- 
nal leaflet only, or the upper lateral leaflets also, are replaced 
b}" tendrils. 

Pari-pinnate^ or Ahruptly Pinnate^ destitute of a terminal leaflet 
or of any tiling answenng to it, as in Fig. 205. 

Interruptedly Pinnate denotes merely a striking inequality of 
size among the leaflets : Lyrotely Pinnate^ one in which the termi- 
nal leaflet is largest and the lower small. 


196. Palmate or Digitate Leaves (Fig. 206, 93) are those in 


which the leaflets all stand on the 
summit of the petiole. Digitate 
(fingered) was the old name, when 
the term palmate was restricted to 
a simple but palmately lobed leaf 
of this type. But since the time 
of DeCandolle the two names have 
been used intercliangeably. Pal- 
mate leaves have no primary dis- 
tinction into sorts, except as to 
the number of leaflets. These can 



never be veiy numerous ; but there are full}’' a dozen in some 


FIG. 203, An impaii-plnnate or odd pinnate leaf. 201 Flnnate with 0 tendxfL 
200. Abniptly pinnate leaf of a Oasefa. 

FIG. 206. Palmately or digltately 5-fbHolate leaf of a Bnckeye, .ffleoalna. 
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Lupines. More commonly there are only five to nine, or only 
three, rarely two, or even a single one. 

197. Number of leaflets may be indicated by an adjective 
expression composed of the proper Latin numeral prefixed to 
foliolate {FoUolum^ diminutive of folium^ answering to leafiet) . 
Thus, hifoliolate^ of two leafiets ; trifoliolate^ of three leaflets; 
qv>adrifoliolate^ of four ; quinquefoliolate^ of five : plurif olio late ^ or 
muMifoliolate^ of several or numerous leaflets, &c. These terms 
are stiU more descriptive when accompanied by the word pin- 
nately or palmate!}", indicative of the kind of compound leaf ; as, 
palmately or digitately trifoliolate (common Clover-leaf, Fig. 211), 
or h-foliolate^ as in Buckeye (Fig. 206), and so on. Also, pinnately 
\^-foliolate^ as in Fig. 205, or 17-foholate, as in ^g. 203; 
pinnately trifoliolate^ as in Phaseolus, and in the low Hop-Clover, 
Trifolium procumbens.^ 

198. But, in either class of compound leaves, the leaflets may 
be reduced to a minimum number. A pinnately trifoliolate leaf 
is one of the impari-pinnate kind reduced to three leaflets, to one 
pair and the odd one ; and this is distinguished from a palmately 
trifoliolate leaf by the attachment of the pair at some distance 
below the apex of the petiole, and by the articulation above this, 
which marks the junction of the terminal leaflefs petiole (or its 
base, if sessile) with the rhachis or common petiole. 


199. Unifoliolate compound leaves (by no means a direct con- 


tradiction in terms) are by this articulation distin- 
guished from simple leaves which they simi^late. 
See the leaf of the common Barberry, Fig. 207. 
In other species, of the Mahonia section, the leaves 
are all pinnately 8-9-foliolate, with well-developed 
common petiole : in the true Berberis, they are all 
thus reduced to the terminal and long-petiolulate 
leaflet, on an almost obsolete petiole. Orange and 
Lemon leaves are in similar case, but with the joint 
close to the blade. A comparison with near rela- 
tives shows that these are also unifoliolate leaves 



of the pinnate kind ; though this could not bo ascei’tained by 
inspection. 

,^00. Decompound or Twice and Thrice Compound Leaves. These 


are to once pinnate or once palmate leaves what the latter are to 


^ In pinnate leaVes, each leaflet usually has its opposite fellow, and the 
number may be indicated by the pairs, as mijugate, hijugmt tr^uqate, and 
phupujate, according to the number of juqa, or pairs. 

FIG 207 , Umfoliolateleafof Berberis vulgaris, with partial petiole articulated to 
the extremely short true itetiole 
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simple leaves. As leaflets may be toothed, lobed, or parted, so 
what answers to a single leaflet ma}’- appear as leaflets of a second, 
or again of a third, or even of a fourth order. Decompound is a 
good general name for all more than once compounded leaves ; 



but the name has been applied rather to irregularly many-times 
paited or dissected leaves (such as those of Dicenti’a) , or to 
those more than thncc compounded. Of regularly twice or 
thrice compound leaves, the commonest are the 


JBipintiaie or Twice Pinnate^ of ordinary 
occurrence in the Mimoseous and Cmsalpi- 
neous, but not in the Papilionaceous, Legu- 
minosie. Fig. 208 represents a bipin nate leaf 
of the Honey Locust (Gleditschia) , witlr the 
vanation (common with that tree) that some 
of the partial petioles, in this figure only the 
lowest, bears a single leaflet, while the others 
are extended into secondary rhachises fur- 
nished with numer- 
ous leaflets, mostly 
in the abruptl}* pin- 
nate style. On the 
same tree, the earlier 
leaves, which are 
clustered on short 
spurs, are simply 

pinnate. The large ^ 

leaves of G.^nocladus are similarly and abru^ly bipinnate, 



PIG. 

PIO 2*0. 
plnnR» 


A and multlfoliolate leaf of Qleditscjiia or Honey Locuat. 

Bininnate leaves of Sensitive Plant, Mimosa pudlca, with approximate 
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except at the base, which is simply pinnate or with one or two 
pairs of simple leaflets. 

Tripinnate or Thrice Pinnate leaves of a regular sort are rare ; 
but, with some irregularity, they occur in many species, as in 
Aralia, &c. This extent of division, and even much greater, is 
•eommon in Ferns. 

Digitate-Pinnate is where the primary" division of the petiole is 
on the palmate or digitate plan ; the secondary’, on the pinnate. 
This seems to be the case in the Sensitive Plant, Mimosa pudica, 
Fig. 209. But the leaf is here truly bipinnate with the primary 
divisions y&ry crowded at the apex of petiole. 

Conjugate-Pinnate is the same arrangement, with the primary 
divisions a single pair, at the apex of the petiole, and the leaflets 
pinnately arranged on these. 

Digitately or PdLmately Decompound in a nearly regular way 

is not an uncommon case. 
Usually, the petiole is succes- 
sivel}" three-forked, as in Fig. 
210, when the leaf is said to 
be hitemate (twice tcmate), 
tritemate (thi*ice temate), or 
quadritemate (four times ter- 
nate), &c., accoiding to the 
number of times it divides, or 
2--3-4i-times temately compound. 
The ultimate divisions in such 
cases of threes are commonly of the pinnately trifoliolate type. 

201. PinnsB is a convenient name for the partial petioles of a 
bipinnate leaf, taken together with the leaflets that belong to 
them. Thus, the Sensitive Plant, Fig. 209, has four pinnm, or 
two pairs ; the Honey Locust, Fig. 208, a greater number. 
When such leaves are still tether compounded, the pinnse of 
higher order, or the ultimate ones, take the diminutive term of 
Pi™tnuffl or Pinnules. The blades these bear arc the Leaflets. 
,^^^/Sf02. The Petiole or Lea fe ta l k is a comparatively unessential 
part of the leaf. It is often wanting (then the blade is eessile) \ 
it may be absent even in compound leaves of tlie palmate tjTpe, 
the leaflets rising side by side from the stem. When present, it 
is usually either round, or half-cylindrical and channelled on the 
upper side. In the Aspen, it is flattened at right angles with 
the blade, so that the slightest breath of air puts the leaves in 
motion. Sometimes it is mudli dilated and membranaceous at 

FIG m Quadxi-temately compound or tematdy decompound leaf of Thaliotrum 
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base, as in many umbelliferous plants ; sometimes itivS^rms a 
sheath, occasionally it is bordered with appendages, &c. ^ 

oles may assume special functions, to be hereafter considel^r- 
The woody and vascular tissue inins lengthwise through the 
petiole, in the foim usually of a definite number of parallel 
threads, to bo ramified in the blade. The ends of these threads 
are apparent on the base of the leafstalk when it falls oflf, and on 
the scar left on the stem, as so many round dots (Fig. 81, 85, 
91), of a uniform number and arrangement in each species. 

203. Partial Petioles are the divisions of the petiole in a 
compound leaf. The footstalk of a leaflet takes the diminutive 
name of Petiolulb. 

2fiyk^Stipules (157) are lateral appendages, one each side of 
the base of the petiole, sometimes free 
from it and from each other (Fig. 

142), sometimes attached by one 

edge to its base (Fig. 211), some- — 

times united with each other into a 

single body (Fig. 212) in various 

ways or dcgi’ees. In the latter case, 

they usually appear to be within the * \ j 

base of the leaf or leafstalk ; or, as \\ / 

in the Plane-tree, they may be joined j j 

into one over against the leaf, as j j ^ 

if opposite to it, but their normal / // 1 m 

position is supposed to be lateral or | I 

marginal to the petiole. Sometimes T Iwn. 

they are foliaceous in appearance and 

in ftinction; sometimes they are dry 

and colorless or scale-like, reduced to j ' || 

mere epidermal tissue, and evidently j 

ftinctionless ; sometimes (as in Mag- . j \ !| 

nolia, Fig. 81, Fig-tree, and Beech), 

they serve as bud-scales, and fall when 

the leaves develop ; sometimes they are 

reduced to a mere bristle, or take the jij au 

form of a spine, as in the Locust (Robinia). Between salient 

expansions or wing-like mai^ns of the base of the petiole, 

such as those of the Saxifrage tribe, and stipules adnate to the 

margins of the petiole, as in most Rosaceae, there is no clear 

limitation. But presence or absence of stipules generally runs 


BIG. 2n. Cloyer-loaf, with aanate stipules. 212. Ochreate stipules (ochrea or ocreai 
of X^>lygouum orlentale. sluiatbiug the stem for some dlstauee, and ending In a spread- 
ing border. 
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through a natural order. Yet what are called stipules in one order 
Tnfl. y pass for expansions or appendages of the petiole in another. 
In Spergularia, some stipules are connate around the base of the 
pair of leaves, including them as well as the stem in the sheath.^ 

205. Stipules, which ai’e uormall}’ a pair, may unite into one 
body, either adnate to the inner face of the leaf, as in some 
species of Potamogeton, or united opposite the leaf, as in Plane- 
tree, or united inter se in a sheath, as in Polygonum. Also when 
the leaves are opposite and the stipules thus brought into prox- 
imity, the adjacent half stipules of the two leaves may coalesce, 
and present the appearance of only two stipules to two leaves, 
as in many Rubiacese. A notch or fork at the apex often 
indicates the composition. 

206. Sheathing stipules, like those of Polygonum (Fig. 212), 
are said to be ochreate^ or (better) ocreate ; the sheath, thus 
likened to a leggin or the leg of a boot, is an Ociirea, as written 
by Willdenow, or better Ocrba. 

207. The Ligule of Grasses (Fig. 150) is seemingly a thin and 
searious extension of the lining to the sheath which answers to 
petiole in such leaves : it projects at the junction of the sheath 
and blade, there forming a kind of ocrea ; and it is generally 
regarded as a soil; of stipule. 

^JK)8. Stlpels {Stipella) are as it were stipules of leaflets, which 
are common'in certain tribes of Papilionaceous Leguminosse, e. g. 
in the Phaseoleae, in Wistaria, Locust, &c. ; also in Staphylea. 
They are small and slender, and, unlike stipules, they are single 
to each leaflet, except to the terminal one, which has a pair. As 
leaves fhrnished with stipules are said to be stipulate^ so leaflets 
with stipels are stipellate, 

^209. Some onusnal modiflcatioiis of leaves as foliage. In 
leaves as illustrated thus far, it is the lamina or blade which is 
expanded to do the work of foliage ; which is expanded hori- 
zontally, so as to present upper and under surfaces, one to the 
sky, the other to the ground ; which is bilaterally sj’mmetrical 
or substantially so, the two lateral halves being nearly if not 
quite alike ; and which is aflSxed to the stena at the basal margin, 
or some part of it, with or without a petiole. Various deviations 
or apparent deviations from this pattern occur. Some of them are 
of comparatively small account and simple explanation, such as 
Inasquilater^ Leaves, being uns}mmetrical by the much 
greater development of one side. This is illustrated in the 
whole genus Begonia (as in Fig. 161), cohsisting of many spe- 


I As pointed out by Prof. A. Dickson, in Nature, xviii. 507. 
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I [some of which are moderately, and most of them strikingly, 
ue in this 'wa.y. Elm-leaves, and the like, are more or less 
uilateral at the base. 

l^tlonnate and Perfoliate Leaves. These are explained by 
union of con- yv 

nm (182^, come 
iwier the same 
<d; the seeming 
Unchment of the 
tlole to the lower 

e of the blade 1 

g the result of 

ongenital union f I 

he edges of the 

s. In a sessile \ 

when such a aia 

n takes place, it sun^ounds and encloses that portion of the 
which is thus joer/'oZ^fl'^e. (Fig. 

214.) It is the stem which is 
rally perfoliate, i. e. which seem- ( 
y passes through the leaf; but it y 
UStomary, though etymologically V. 

urd, to call this a perfoliate leaf! 

laria perfoliata (Fig. 218) , in the 

r growth of the season, reveals the J 

lanation of the perfoliation : the / 

0 of the lower leaves conspicuously 
ounds and encloses the stem : that 
the upper is merely cordate and 
sping ; the uppermost simply ses- 
by a rounded base. Baptisia J 

bliata (Fig. 214) is a' more 
bngly marked case of perfoliation. 
t there are good morphological 

sons for inferring that this seemingly simple leaf consists of 
pair of stipules and a leaflet combined. An occasional mon- 
osity verifies this supposition. 


IG. 213. Treaty branch of Uvularia perfbllata. 

TG 214. I^cafy and flowering branch of Baptiria perfbllata. 

FIG. 216 Ijonicera flava, a wild Honeysuckle, oonnate-pertoliate as to the upper 

iVW 
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212. When leaves are opposite, the perfoliation (such as thV 
of Honeysuckles, Fig. 215) is obviously the result of a congen* 
tal union of the bases of the pair by their contiguous edgeiM 
Leaves connate in this way b}’' narrow bases are not rare noil 
remarkable ; but when the two are thus coalescent into one broad 
foliaceous bod}", giving this appearance of perfoliation, the term 
connate-perfoliate is used to express it. 

213v^ertical Leayes, those with blades of the ordinary kind, 
but presenting them edges instead of their faces A 
to the earth and sky, or when erect with one 
edge directed to the stem and the other away k 

from it, are not uncommon. They prevail in m 

the Australian Myrtaceae, &c., and occur with j||| 

less constancy in the Californian Manzanitas, % \ I llll 
and in a great variety of herbs and shrubs. The ^ M \ / 11 
anomaly involves no excejition to the rule that a \ H | hi/ h 

leaf-blade is always expanded in the horizontal \\ || J f / 

plane, when expanded at all ; for, except in equi- f H jlJ 

tant leaves, it is the result of a twist of the petiole ^ r |||f ill / 
or of the blade itself.^ In strongly marked | m//j 

cases, or in most of them, the organization of A||j| 
the epidermis and superficial parenchyma and >^||| WW 
the distribution of the stomata are the same on 
both faces. 

2 14< Eqnitant Leaves are vertical on a different 
plan. They are conduplicate, i, e, are folded 






together lei^hwise on their middle, the upper surface thus con- 
cealed within, the outer alone presented to the air and light. 


^ Silphium laciniatum, the so-called Compass Plant, and (hardly less so) 
S. terebinthinacenm, are good instances of the kmd, most of the leaves 
making a half-twist, the radical ones by their long petioles. In the former 
spedes, the pinnately parted blade occasionally makes a farther twist, so as 
to bring the upper part into a plane at right angles to the lower. The 
blades place themselves in various directions as respects the cardinal points ; 
but on the prairies the greater number affect a north and south direction of 
their edges, — a peculiarity first pointed out, in the year 1842, by General 
B. Alvori IT. S. A 

FIG. 216. Bqdtant erect leaves of Iris, with the rootstock. 

FIG 217 A section across these leaves at the base, showing the sguttcml character. 
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two-ranked and closely crowded, the outer ones at their 
fold over or bestride the inner (as shown in the sectional 
■am, Fig. 217), whence the name of equitanU Above, the 
uous halves of the inner face congenitall}’ cohere, and so 
ce the sword-shaped or lineai’ vertical blade which is 
cteristic of Iris (Fig. 216) and the Iris family. In most 
is a farther complication, of an excep- 
1 kind, viz. the development backwaids 
portion of blade from the midrib, often 
ing most of the upper part of such leaves, 
h therefore ma}" really be said to develop 
.ue veitical plane. 

'ilS^^eares with no distinction of Parts, 2 . e. 
jof llade and petiole. This is the case in Iris 
Fi|^. 216), Daffodil, the Onion, and perhaps 
ost parallel-veined leaves of Endogens. 
se expanded in the horizontal plane may 
ever be regarded as sessile blades : those 
:*h ai*e not expanded, but filiform, or needle- 
jftl4;^ed (adcular)^ or awl-shaped (subulate)^ may 
garded either as homologous with petioles, 
imexpanded blades, which amounts nearly 
he same thing where tliere is no trace of a petigle at base, 
ler this head may be ranked the leaves of Pines (Fig. 248) ; 

both the subulate and the 
[e-shaped and adnatc leaves 
rbor Vite, Fed Cedar (Juni- 
s Virginiana), and other trees ^ 
he C}Tpress tribe. (Fig. 218.) 

16. Stipules serving for Blade. 

,h}Tus Aphaca is a good in- 
nce of this (Fig. 219) ; the 
ole becoming a teudnl, the 
ets which its relatives bear 
ng wholly wanting, the ample 
aceous stipules assume the 
earance of leaves. In some 

ler species of Lath^Tus, and in the Pea, equally large stipules 
are with the pair or pairs of leaflets' in the fimctipns of foliage, 
morphological evidence, we judge that the singular leaves of 




[ FIG. 218 A twig of Arbor Vitae, with both awl-Bhape<l ana fl«aleH»ha)>«a ' 

FIG. 219. lAthyrus Aphaca: portion of stem, bearing a single leaf, which oxSm 
a pair of follaoeous stipules, and a petiole in the fbrm of a tendrii; in its aidl a 
wernatalk, 7 
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Baptisia perfoliata, shown in Fig. 214, are not simple blades'; 'I 
but each a pair of stipules, with or without a terminal leaflet, 
completely confluent into one bod 3 ^ The related species of the j 
genus have trifoliolate leaves and foliaceous stipules ; hence these i 
simple leaves without stipules are best explained in this way, 

217. Phyllodia, or Petioles serving for Blade. Sometimes the 
petiole develops foliaceous margins, or wings, as in the Bitter 
Orange and in Khus eopallina. These are efficient as foliage in 
proportion to their size. These are not to be confounded with the 
case in which a petiole speciall}" develops as a blade-like organ, 
which usurps the office of foliage. A petiole-blade of this Idnd 
is named a Phtllodium. Occurnng only in Exogens, ph^dlodia 
are generally distinguished from true blades by the parallel 
venation, and always by their noimally vertical dilatation ; i, e, 
they, without a twist, present their edges instead of their faces to 
the earth and sk}’. The common and most familiar phjdlodia are 
those of Acacias in Australia (Fig. 223, 224), where tlie}" fonn 
the adult foliage of over 270 out of less than 300 species. The 
true lamina of these is bipinnate. It appears on seedlings, and 
uocasionally on later growths. Several South American species of 
Oxalis produce phyllodia. So likewise do our tubular or tiiimpet- 
leaved species of Sairacenia in that poiiion of the foliage which 
develops the pitcher imperfectly, or not at all. Indeed, all 
Sarracenia-leaves ai'e phj^Uodia with the back in most of tiiem 
hollowed out into a tube or pitcher; and the terminal hood 
answers to the blade. 

§ 3. Lbaves serving Special Ofpices. 

218. Leaves may serve at the same time both their ordinaiy 
and some special use, or even more than one special use. For 
example, in Nepenthes (Fig. 222) there is a well-developed 
blade, usually sessile, which serves for foliage, a prolongation of 
its tip into a tendril, which senses for climbing, then an extraor- 
dinary dilatation and hollowing of the apex of this into a pitcher 
for a veiy special use, and a peculiar development of the apex 
of tins into a lid, closing the orifice during growth. Among the 
special purposes which leaves subserve; and the study of which 
connects singularities of morpliology with teleology”, the most 
remykable is that of 

21Sly leav^ specialized for the Utilization of Animal Matter* 
This occurs in leaves which also assimilate, or do the ordinary 
work of vegetation ; and the special function is usually taken up 
by some particular portion of the organ. The details of thfe 
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subject — which has of late become highl}" interesting — belong 
to physiology, and therefore to the following volume, to which 



all historical references are relegated. Only the moi*phology of 
such leaves is here under consideration. 

22(Vjis Ascidia or Pitchers, vessels for maceration, &c. Those 
occur in several widely different 
families of plants. The commonest 
are those of the Sarracenias, natives 
of Atlantic North America. They 
are evidently phyllodia (217), the 
cavity being a hollowed dorsal por- 
tion : the wing-like or foliaceous por- 
tion, always conspicuous and fonning 
the ventral border, makes the whole 
organ or most of it in the earlier 
leaves of the tubular species. The 
pitchers of S. purpurea (Fig. 221, 

225) , the onl}" species which extends 
north of Virginia, ai'c o^Kjn cups, 
half filled with water, mucli of which 
may be rain, in which abundance of 
insects are usually iindei^oing macer- 
ation. In S. vanolaris (Fig. 226), tlie hooded summit, answer- 
ing to the blade of the leaf, arches over the mouth in such wise 



PIG 220. PitclieraofUuliampliora; 221. of Sarracenla purpurea; 222. of Nepenthes. 
228 A phyllodluni of a Kew Holland Acacia. 224;. The samei bearing a r^uced com* 
pountl blade ^ ' 

PIG. 225. PitoUer-loaves of Sarracenla purpurea ; one of them with the upper pam 
cut away. 
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as to mostly exclude the rain ; in S. psittacina (Fig. 227) the 
indexed and inflated hood completely excludes it. The water 
_ which these contain is undoubtedly a secretion. 
All entrap flies, ants, and vanous insects, which 
in most species are lured into the pitcher by a 
sweetish secretion around or at some paii: of the 
HI H hsLYQ entered ever escape; 

Hi H decomposed at the bottom of the cavity.' 

Hll mm Darlingtonia Cahfornica (Fig. 228) , the Cah- 
H llm representative of Sarracenia, the inflated 

Hi Im guards against all access of ram, while the 

IHI IK orifice is freely open to flying insects from be- 
IBm'JK ^ singular two-forked apj^iendage, like 

mm IK ^ fish-tail (probably the homologue of the 
ISKIK ^l^de) , overhangs the f^ont. The inner face of 

nlKK appendage is besmeared with the sweet and 

EIKK viscid secretion which allures insects to the open- 
mKK Sarracenia variolaiis, the 

mUm sweet secretion in the eaiiy season is continued 

Kum upon the edge of the wing, forming a saccharine 

Um ti^ which leads from near the ground up to the 

Wjm orifice of the pitcher.^ Fig. 220 represents pitchers 

jK of Heliamphora, a little-known South American 

W representative of Sarracenia. Its wing is narrow 

W and inconspicuous, the mouth widely open and 

■ directed upward, and the hood reduced to a 

|[ minute and upright, probably functionless ap- I 

m pendage. In Cephalotus — an anomalous plant j 

of Australia, of uncertain afi^- I 

nily — the leaves for foliage I 

are dilated phyllodia; among m 

them are others completely 1 

transformed into stalked and I 

short pitchers, with thickened ^ f 

rim and a weU-fitting lid, 
hinged by one edge. Fig. 229. 

The particular morphologj^ of the parts is not well made out.j|i 

1 This sweet secretion, which at times is rery ohrious in the southenf' 
sp^es, has also been detected by Mr Edward BurRess in 8 purpurea ; bi*, " 
It IS rarely seen, and probably plays no important part in the capture an« 
multitude of insects which these pitchers are apt to contaibS'^ 
TOis trail was discovered by Dr. J, H. Mellicharap, of South CaroIkuX 
See Proc. Am. Association for Advancement of Science, xxiii. 118 (1871). M 

PIG. 226. Pxt<awrofSarjaceniavarioUrl^ 227. Same of S. psittacina. 
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221. The pitcher-bearing leaf in l^epenthes has been referred 
to (218, Fig. 222) : of this there are various species, all of them 

^ somewhat woody climbing 
plants of tropical Asiatic 
and African islands of 
the southern hemisphere, 
some of them familiar in 
conservatory cultivation. 

Here the tendril may be 
regarded as a prolonged 
extension of the midrib 
of the blade, and the 
pitcher, with its hinged 

lid, as a peculiar development from its apex. The 
water contained in the pitcher is a secretion, much 
of which appears before the lid opens ; and a sweetish 
excretion at the orifice lui-es insects. The presence 
of these in the pitcher increases the watery secre- 
tion in which the animals are drowned ; and this 
secretion is ascertained to have a certain digestive 
power.^ 

222. The aquatic sacs of Utricularia or Bladder- 
wort are diminutive ascidia, always under water, 
and with lid opening inward, like a valve, preventing the exit 
of minute animals entrapped therein.** Morphologically, they 
are doubtless leaves or parts of leaves. 

223. As Sensitive Fly-traps. The leaves of all species of 
Drosera or Sundew are beset with stout bristles tipi)ed with a 

I gland, which secretes and when in good condition is c^overed 
1 by a drop of a transparent and very glairy liquid, suflSIcicntly 
H tenacious to hold fast a fly or other small insect. Adjacent 
^ bristles, even if not touched, in a short time bend towards those 
* I upon which the insect rests, and thus bring their glands also 
jinto contact with it. In Drosera filiformis, the leaves are fili- 
^ with no distinction of petiole and blade. In D. rotundifolia 
Bind other common round-leaved species, there is a clear distinc- 


\ 



1 This was first made out by J. D. Hooker* and announced in his address, 
President of the British Association for the Advancement of Science, at 
Edinburgh, 1871. 

® Darwin, Insectivorous Plants, 896. Cohn, Beitragc asur Biologie der 
anzen, 1875. Mrs. Treat, in The Tribune, Kow York, Sfeptember, 1874, 
bd Gard Chron. 1876, m. 

j pTO 228. Pitcher of DaxUngtoiaaOaUfh^^ m Plt<*er of Oephid^ 
with lid open, ■ 
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tion of petiole and blade, and the stalked glands thickly beset 
the whole upper surface of the latter. A small insect alighting 
thereon is helpless, and is soon touched by all the glands within 
reaching distance; also the blade itself commonly incun^es^ 
taking part in the general movement. It has recently been 
demonstrated that the captured insect is fed upon, and that the 
plant thereby- receives nourishment. Here leaves which do the 
normal assimilative work of vegetation, but somewhat feebl}" 
(having a comparatively small amount of chlorophyll), have 



also the power and the habit of obtaining ready-organized food 
by capture, and are benefited by it. 

224. Species of Drosera inhabit most parts of the world, and 
the genus is numerous in species. A near relative, Dionaea, is 
of a single species, D. muscipula (Venus's Fly-trap), inhabiting 
only a limited district in the sandy eastern border of North 
Carolina. It is more strikingly sensitive and equally carnivo- 
rous, but in a different way. It is destitute of stalked and viscid 
glands. The apparatus for capture and digestion is the two- 
valved body at the top of each leaf. (Fig. 280, 231.) If this 


PIG. 230 


of IMonaamiisolpiaa, reduced maize. 281 Tljreeofthe leavw, 
cf almost the natural size ; one of them open, the others closed. Prohably a At Is ney^ I 
caught by the teeth, in the maimer here^resentea -wooawy a fly is never J 
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be taken for the leaf-blade, the part below would be a broadly- 
winged foliaccous petiole. If the latter be the true blade, the 
apparatus in question must be reckoned as a peculiar terminal 
appendage. Both are moderately gi'een, and act as foliage. 
The specially endowed terminal j^ortion acts also in a decidedly 
animal-liko manner. When either of the three or four slender 
bristles of the upper suriace are touched, the trap suddenly 
closes, b}’ a movement ordinarily quick enough to enclose and 
retain a fly or other small insect. The intercrossing of the stout 
marginal bristles detains the captive, unless it happens to be 
small enough to escape by the interv^ening little openings. 
Otherwise, the sides soon flatten and are brought fiimly into 
contact, and a glairy secretion is poured out from numerous 
immersed glands : this, with the extracted juices of the macerated 
insect, is after some time reabsorbed ; the trap, if in a health}" 
condition, now re-opens and is ready for another capture. For 
references to the now copious literature of this whole subject, and 
for its physiological treatment, the succeeding volume should be 
consulted. 

225v/Iieaves for Storage. Nutritive matter is stored in leaves 
in many cases, and not rarely in leaves which at the 
same time are siibsoiTiiig the inirposo of foliage. 

This occurs in all fleshy leaves, to a greater or less 
extent, according to the degree of thickening or 
accumulation. The leaves of the Centiuy Plant 
or Agave, for instance, arc green and foliaceously 
efficient at the surface, while the whole interior is 
a store-house of faiinaccous and other nutritious 
matter, as much so as is a potato. The leaves 
of vaidous species of Aloe, Mcscnibiyanthomum, 

Scdiim, and other ‘‘succulent” plants (in which 
a largo part of tlao accumulation is water) are not 
rarely so obese as to lose or much disguise the 
foliaccous appearance. Sometimes one portion of 
a leaf is of normal texture and use, while another 
Is used as a reservoir for the nourishment which tlie 
foliaccous part has produced. Fig. 2112, a leaf ft-om 
the bulb of Wlflto Lily, ii\Q base of which forms 
one of the bulb-scales, is an instance of the kind.^ The most 

^ 1 In Picentra Cucullaria and (more strikingly from the sparsoness of the 

\ gD^s) m D. Canadensis, the matter elaborated in the much dissected blade is 
^ conveyed to the very base of the long petiole, and there deposited in a con- 

\ TIG. 232. A radical leaf of the Wlilte Lily, with its base thiokened into a bolbHioail^ 
' which la out across to show its thickness, 

'^4 
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decisive instance of leaves used for storage of food is in that 
material provision for the noui’ishment ot the embryo in genni- 
nation, in which the first leaves, the cotyledons, are tumed to this 
V account. (21—37, &c.) After or 

ferx discharging this special duty, 

A /Oo^) the cot 3 dedons may fulfil their gen- 
eral office, by serving as foliage (as 
YV Maples, Fig. 8, and Pumpkins, 

Fig. 47) ; or, through various inter- 
mediate conditions, they may be 
wholly devoted to storage, as in 
^"^^^^^^^the Pea, Oak, IIoi*seehcstnut, &c. 
(Fig. 37-t3.) 

^ 22GN/tieaves as Bulb-scales, how- 

K ^ wholly 

W\ applied to this use, being leaves 

reduced to shoit scales or to 
concentric coats, and tliickeiicd 
thi*oughout by nutritive deposit, 
accumulation of such leaves 
^Jr fo™s the mass of the bulb, as of 
the Lily, Fig. 118, Onion, Fig. 
wW bulblets. (120.) 

\ \Im i/m Leaves as Bud-scales, being 

\ Mm protection of nascent pai*ts , have 

Mffl been explained under buds. (70.) 

The evidence of foliar nature af- 
jU forded by transition is well exhib- 

LM ited by the Sweet Buckeye, although 

W thewholeseriesof gi‘adations, from 

w m bud-scales to compound leaves, 

is seldom seen united in one bud, 
as in Fig. 233. In tliis case, the 
bud-scjales are homologous with ' 
^ ^ petioles. In Magnolia, they consist I 

288 of stipules (Fig. 81, 82) : in thei^ 

lilac, they are homologous with leaf-blades. The two pairs of,' 
bud-scales which subtend and protect tlirougli winter the nascent 
head of flowers of Comus florida are morphologically the apex of 


oentrated condition, in the form of a solid grain, which remains for nexi 
jeaPs use, the whole leaf except this thickeneibase dying away at the closi 
of the short season's growth, \ 

FIG 238. Leaves of; a developing bad of the Lo^SVeet BnekOTe (.^Blseuliis parvi 
floza), showing a nearly complete set of gradatkms a soale to a oompoond leaf < > 
five leaflets. S 
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blades. When the blossoms develop in spring, these scales grow 
from beneath, greatly expand, and become obovate or obcordate 
petaloid leaves, the brown terminal notch 
of which is the bud-scale, which was un- 
able to take part in the vernal growth. 

22'^Leaves as Spines. All gradations 
may be found between spiny-toothed leaves 
(as in Holly), in which teeth are pointed and 
indurated, and leaves which are completely 
contracted into a simple or multiple spine. 

Indeed, such a transition is seen in the Bar- 
berry, Fig. 234. The foliar nature of such 
spines is manifest from their position, sub- 
tending a bud from which the foliage of the 
season proceeds, and themselves not sub- 
tended by an,y organ. In some Astragali, 
the petiole of a pinnate leaf indurates into 
a slender spine and persists, the leaflets 
early falling. The spine in Fouquicra is a 
portion of the lower side of the petiole or ' 
midrib, indurated and persistent, the rest 
of the leaf separating by splitting when it 
has seiwed its office.^ 

Leaves adapted to Climbing. Some plants climb by the 
action of the stem or of certain branches specially adapted to 
this purpose (99) : others gain the needful 
support by means of their leaves (101) ; some- 
times b}' an incurvation of the tips, either of 
a simple blade as in Gloriosa, or small partial 
blades, as in Adlumia, and oHou in Olcmatis, 
tliercliy grappling the support ; sometimes by 
the petiole making a turn or two around a 
support (as in Maiirandia, climbing Antirrhi- 
nums, Bliodocliiton, and Solanum jasminoides, | 

Fig. 23r)) ; sometimes by the transformation 
of one or more leaflets of a compound leaf 
into tendrils, as in the Pea and Vetclx (Fig. 

204) ; sometimes by the suppression of all the ^ sa 5 
leaflets and the conversion of the whole petiole into a tendril, as 
in Lathyrus Aphaca (Fig. 219) ; and perhaps by the oonveraion 




1 BeecTibed in Plant® Wrightian®, ii. 63. 

VIG. A vernal ttlioot of common Barberry, ebowlng a lower leaf in tlie nmal 
state; ibe next x»artXaU:^, those still higher completely, transformed tnto spines^ 

PIG. S86. Solannm jasminoides, climMngby coiling and at length jhidotatlngpetio)^ 
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of a pair of stipules into tendrils in Smilax. At least the ten- 
dnls here occupy the position of adnate stipules. The tendiils 
of Cucurbitacese are peculiar and ambiguous, on account of their 
lateral and extra-axillaiy position and the manner in which the 
compound ones develop their branches. But they are doubtless 
pai-tly if not wholly foliar.^ 

22^ Petaloid Leaves, Bracts. Certain leaves, situated near to 
flowers, and developing little or no chlorophyll in their paren- 
ch^TQa, exchange the ordinary green hue and herbaceous texture 
for the brighter coloi*s and more delicate sti-ucture which are 
commonly seen in and thought to characterize flower-leaves. 
Such are said to be colored^ meaning, as applied to foliage, of 
some other color than green. As petals are the t^'pe of such 
colored paris, they are said to he petaloid^ i. e. petal-like. They 
are like petals, moreover, in one of the purposes which these sub-^ 
serve. (299.) Examples of these petaloid leaves are seen in the 
shrubby Mexican Euphorbia called Poinsettia, in Salvia splen- 
dens, most species of Castilleia or Painted Cup, also in the 
white hood of Calla and Richardia JEthiopica (called Calla Lily), 
and in the four white leaves which subtend the flower-head of 
Comus florida, and of the low herbaceous Cornel, C. Canaden- 
sis. (Fig. 294.) Such leaves, being in proximity to flowers, and 
all others which are within a flower-cluster or are borne by 
flower-stalks, receive the special name of Bracts. More usually 
bracts are not petaloid, but diflerent in size or shape from ordi- 
nary leaves, eitlier by abrupt change or gradual transition. Not 
uncommonly they are reduced to scales or mere rudiments or 
vestig^ of leaves, of no functional importance. 

23 Or Flower-Leaves. The morphology of leaves extends not 
only to “ the leaves of the blossom,” more or less accounted am 
such in common parlance, but also to its peculiar and essentii^ 
organs, the relation of which to leaves is more recondite. Their 
moi-pholog^’' needs to be treated separately, and to be preceded 
by a study of the arrangement of leaves and of blossoms. 


The most satsfactory interpretation may he that of Braun and Wydler, 
adopted by Eichler (Bluthendiagramme, i 304) . that the flower of Cucur- 
bita and its peduncle represent the axillary branch, the tendril by its side 
answers to one of the bractlets (that of the other side being suppreskd), 
and the supernumerary branch springs from the axil of the tendril. Wis 
n^es of the tendril a simple leaf, of which the branches are the ribs. SutiJ 
the tendnl-divisions are evidently developed in spiral order, and in vigorous! 
growths occupy different heights on the tendnUxis This favors Nauan'aJ 
new, that the main tendril is cauline, and its divisions leaves. ^ C " 
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CHAPTER IV. 


PHYLLOTAXY, OB LBAF-ABBANGEMBNT. 


Section I. The Distribution of Leaves on the Stem. 

231. \^irLLOTAXY (^ov Phyllotdxis) is the study of the distri- 
bution of leaves upon the stem and of the laws which govern it. 
The general conclusion reached is, that leaves 
are distributed in a manner to economize space 
and have a good exposure to light, &c., and 
that this economy on the whole results from 
the formation of leaves in the bud over the 
widest inteiwals between the 
leaves next below. ^ Leaves 
ai'e arranged in a consider- 
able variety of ways, which 
all fall under two inodes, the / 

VerticiJlate and the AUerA 
note (13), but which may 
also be termed the Cyclic^, g 
and the Spiral, t 

232, Alternate leaves are 
those which stand singly, 
one alter another; that is, 
with one leaf to each node 

or borne 

on one Iieightof stem. Verticillate leaves are 
those with two or more at the same height of| 
stem, circularly encompassing it, ^. e. forming! 
a Verticil or Whorl. Verticillate and whorled 
are synonymous terms to denote this arrange- 
ment. Those two kinds of leaf-arrangement 
are commonly ranked as three, viz. alternate, 
opposite, and whorled. But the opposite is 
only the simplest case of the whorled, being 

1 For the moat eomprehenaiye discussion of phyllotaxy in connection with 
development, and in view of these relations, see Hofmeister, AUgemeiae 
Morphologie, § 11, and Ohauncey Wright, Mem. Amer. Academy, Jx. 889. 

FIO. 230, Alternate, 29r,«Oppoelte, 280, Vertlolllate or whorled leaves. 
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that in which the members are reduced to two. This case is 
so much commoner than whorls of three and of higher numbei*s 
that it took from the first its special name of opposite, so that in 
descriptions the phrase “ leaves veiiicillate ” implies more than 
two leaves in the whorl. But it should be kept in mind that 
“leaves opposite ” is the same as “leaves in whorls of two.” 

233. The greater number of phsenogamous plants (all but the 
monocolyledonoiis class) begin with veilicillate lea^^es, mostly 
of the simplest kind (z. e. cotjdedons opposite) : some continue 
veiticillate throughout ; some change in the first leaves of the 
plumule or after the first pair into alternate, and again into 
verticillate in or towaid the blossom, in the iiiterior of which the 
alternate arrangement maj" be again resumed- As Nature passes 
»^adily from the one mode to the other on -the same axis, we 
maj" expect that the two maj’ be comprised under some common 
expression. But they have not yet been combined, except by 
gratuitous or somewhat forced hjpotheses ; so that for the 
present they should be treated in morphology as primanly dis- 
tinct arrangements.^ 

234. \/^erticillate or Cyclical Arrangement. Here the leaves 
occupy a succession of circles, or foim whorls around the stem, 
two, three, four, five, &c., in each whorl. According to the 
number, the leaves are opposite^ temate^ quatemate^ quinate^ and 
so on. The characteristic of the individual whorl is that the 
members stand as far apart from each other as their number 
renders possible, i, e. they divide the circle equally. Thus, when 
onl}’ two, or opposite, then’ midribs or axes of insertion have an 
angular divergence (as it is termed) of 180° ; when three, of 
120° ; when four, 90° ; when five, 72°. 

235. The characteristic of the whorls in relation to each otlicr 
is, that the members of successive whorls stand over or under 
the inteiwals of the adjacent ones. In other words, successive 
whorls alternate or d€C7issate. This economizes space and light, 
or* gives the best distribution which the cyclical system is eapu- 
61e of. And it is in accordance with the general conclusion of 
Hofmeistei’'s investigation of the origin of phyllotaxic arrange- 
ments in the nascent bud, viz. that new members originate just 
over the widest intervals between their predecessors next below. 
Thus, in opposite leaves or whorls of two (Fig. 237), the suc- 
cessive pairs decussate or cross at right angles, and so fopi 

* It is readily seen tliat whorls may be produced by the non-dev-^lopn^ei 
of the intemodes between the leaves a series of two, three, five, on m03 
in alternate order. The difScuIty is tl^t the members of the next whwl i 
not follow the rrder that they should xi^n this supposition- ' * 
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straight equidistant vertical ranks are produced. In temate or 
trimerous whorls there are six vertical ranks ; in quatemate or 
tetramerous whorls, eight veitical ranks, and so on.^ 

236. The cases in wliich successive © 


pairs of leaves do not decussate at right 
angles, or tlie members of whorls are not 
exactly siiiierposed to interv^als, but as it 
were wind spirall}' (as in Dipsacus, many 
Car 3 ^opli 3 dlacetTe, &c.) , may some of them 
be explained by torsion of the stem, 
such as is veiy manifest in numerous in- 
stances ; and others may be resolved into 



instances of alternate leaves simulating or passing into whorls 
by the non-development of internodes.^ 

23T^*<iltornate or Spiral Arrangemont. Here the leaves are 


distributed singly at different heights of the stem, and at equal 
intervals as respects angular divergence. (Fig. 23G.) This angu- 
lar divergence {Le. the angular distance of any two successive 
leaves) differs in the various kinds of this system of phyllotaxy, 
but is always large enough to place the leaves which immediately 


1 These vertical ranks have, by some German botanists, been named 
Ortho8tichi &, ; but this technical Greek is no clearer and no shorter than the 
equivalent English, wlncii answers every pur|)osc. 

2 In Lilium Cauadense, superbum, &c., with whorls of variable number 
of leaves and vague relation to each other (when of the same number some- 
times the racnihers supeniosed), and above and below passing into the altei^ 
nate arrangement normal to the family, tlicsc whorls are evidently formed 
of alternate leaves brought together by non-development of internodes. 

Here may also be mentioned the not uncommon anomaly in Fircones, 
notably those of Norway Spruce, the normal phyllotaxy of which is simply 
spiral, but lu occasional instmices the cone is composed of pairs of opposite 
scales, spirally arranged, Let the pairs not decussating at right angles, thus 
forming double spinils. In the abnormal spruce-coiieR, the fractions usually 
observed are ^ or or, ns expnwd by Braun, ( and (1)^^, 

Brauifs modo of notation for the ordinary suciTssmu (t. e. the decussation ) 
of opposite leaves is (i)i, the i meaning that the two leaves of the pair lire 
half the dreumferenee of the idrcle apart, the i denoting that each leaf of 
the succeeding pair divi^rgoH one fourth of the eireumfen‘nee from the pre- 
‘ ceding Braun finds cases in which pairs (and equally whorls) are supers 
L posed (#-.//. certain species of Mesembry anthem urn and Euphorbia), those 
Pare expressed in this notation by the formula (i)4, that is, the corrt*8ponding 
Heaves of the succeeding pair diverge IHO® from their pretleeessors. He 
IrecognizcB also some ciihcb of intennediato <livergenee ; sueh as ( J)j in the 
Supper leaves of Mercmrlalis percmnls, on certain stems of Llnaria vul- 
(i)A exceptionally in the leaves of Epilobium angustifolium and the 
wales of Norway Spruce, (-D-jftf exceptionally in the scales of Norway 
Bpruco. See Oninung des Scliupinm an dor Tannenaapfon, 870, &c. 

I PIG. 289. Ground-plan diagram of six trimerous whorls, showing their altematiojm 
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follow each other in the ascending order uj^on different sides of 
the axis : it also secures an advantageous spacing of the leaves 
over the whole length of the axis. Their vertical distance from 
each other of course depends on the length which the intemodes 
attain, which is a matter of gi'owth and is ver}" variable ; but 
their angular distance is fixed in the kind or numerical plan of 
the particular ph 3 "llotaxy, and is uniform throughout. 

238. The leaves are said to be aUemaie^ because the}’’ come 
one after another, now on this side, then on that, as they ascend 
the stem. The arrangement is said to be spiral^ because if a line 
be drawn or a thread extended from the base or insertion of one 
leaf to that of the next higher, and so on, taking in all the leaves, 
it forms a helix, more or less loose or close according to the 
development of the intemodes. (See Fig. 242.) This imagined 
spiral line ascends continuously, without a break ; and on it the 
leaves are equabl}’ laid down.^ 

239. Almost all the ordinary instances of spiral phyllotaxy 
belong to one series, having very simple arithmetical relations. 
So that this may be taken as the t 3 ’pe, and the few others re- 
garded as exceptions or sometimes as modifications of it. The 
kinds are simpty designated by the number of vertical ranks of 
leaves: they are technically named by prefixing the proper 
Greek numeral to the word meaning row or rank. The arrange- 
ment called 

Distickom^ or Two-ranhed^ is the simplest and among the com- 
monest, occurring, as it does, in all Grasses and many” other 
monocotyledonous plants, in Lindens, Elms, and many dico- 
iyledonous genera. Here the leaves are disposed alternately on 
exactly opposite sides of the stem (as in Fig. 1) ; the second 
leaf being the farthest possible from the first, as is the third from 
the second ; the third therefore over the first, and the fourth over 
the second, and so on, thus forming two vertical ranks. The 
angular divergence is here half the circumference, or 180° ; and 
the phy^Uotaxy may be represented by the fraction which desig- 
nates the angular divergence, while its denominator expresses 
the number of vertical ranks formed. 

IHstichous^ or Thne-ranhed^ is the next in the series, and is 


^ we reach a leaf which stands directly over a lower and older 

one, we say that one set or spir^ is completed, and that this leaf is the first 
of a succeeding set or spire From analogy of such an open spire to the 
closed cycle of a whorl of leaves, it is not unusual to designate the former 
likewise as a cycle. Yet it is better (with Eichler) to restrict that term, and 
the adjective cycUcal, to verticillate phyllotaxy, or to whorls, to which It 
properlv and etvmoloaicallv hplAncra 
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li" v< coilhngQ, though not rare in monocotyledonous plants. Fig. 

and 241 la a diagram in horizontal 

the ^is of the ^ 

from the second, and so oiT^L_j|i®W^ 

is one third of the circum- ^ 

ference (or 120°): conso- \ 

quentl 3 'the fourth leaf comes % ® 

over the fii'st, the iilth over lyla 

tlie second, the sixth over lN||j| 

the third, and so on; tliat |lj|f 

is, the leaves fall into three |||| 

vcitical ranks. The spiral i'Hll 

chai*acter here begins to be 

manifest, or becomes so by ’ 

drawing a line on either fig- (f 

ure from the axis or midrib \ \ ^ { | 4 

of the first leaf to that of 

the second, and so on to the 

sixth, forming •a helix of ^ 

two turns. ^ aa 243 

Pentmtichom^ or Five^ranked^ sometimes termed the quincuncial 
arrangement. This is the most common in alteniate-leavcd 
dicot}dodonous plants. It is shown in Fig. 236 (on a branch 
of Apple-tree), and by diagrams, displaying the spiral character, 
in Fig. 242, 243, The angular distance from the fiiit to the 
second leaf (passing the shoi'tcr way) is % of the circumference, 
or 144°. But the spiral lino makes two turns round the stcun, 
on which six Uiaves are laid down, with angular di vc'rgonce of jj , 
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and the sixth is the jBrst to come over any one below; the 
seventh comes over the second, the eighth over the third, &c. 
The leaves are thus brought into five vertical ranfes ; but these 

§ 11 five leaves are laid down on two turns of the 
“ g » helix (the sixth beginning the second revolu- 
« ^ tion) ; the angular divergence of the leaves in 

3 « order is f , or 144° ; the angular distance of 

1 * the vertical ranks, 72°. This is a vei^” advan- 

tageous distribution for ordinary foliage on 
erect or ascending branches.' Its formula is f , expressing the 
angular divergence, the <4enominator also indicating the number 
of vertical ranks, the numer- 
0 lOr indicating the number 
df revolutions made in add- 
ing one leaf to each rank. 

Fig. 244 illustrates this ar- 
rangement on a cone of 
American Larch, the scales 
of which are homologous 
with leaves, the numbers ^ 
in sight are aflSxed, and those of the whole 
cone displayed on a plane at the side. 

OctosttcAow, or Eight-ranked^ a less common 
arrangement, occurs in the Holly, Aconite, 
the radical leaves of Plantago. It has the 
angular divergence of 135°, or | of the cir- 
cumference, and the leaves in eight ranks, 
the ninth over the first and at the completion 
of the third revolution : it is therefore repre- 
. sented by the fraction |. 

240. The obvious relations of the fractions 
h h h I? representing the primary forms of 
spiral phyllotax}'', are that the sum of any two 
numerators is the numerator of the next suc- 
" ceeding ft’action, and the same is true of the 
denominators ; also the numerator is the same 
as the denominator of the next but one pre- 
ceeding fraction. Following these indications, 
the series may be extended to -j^, J*}, gj, &c. Now these 

FIG. 214. A cone of tlie email-fruited Amencan Larch (Lanx Amenoana), with 
the scales numbered, exWbiting the fire-ranked arrangement. 

FIG 245 An of&et of the Houseleek, exhibiting the 6-13 arrangement; the leaves 
in sight numbered, the 14th over the first, the 19th over the 6tb, 

246 Cone of Wlilte Pine (Finns Strobus) with scales numbered from bottom* 
and some secondary spirals marked. 
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joally occur, and ordinarily onl}^ these.^ The and 
^Mj^ommon in foliage. The rosettes of the House* 
or thirteen-ranhed an'angement, as also does 
’^rSPlPS^obus, the 14th leaf falling over the hrst. 
^,) The perhaps little less common in foliage 

upon vei'y''^i|||||^^|23||gi^^ likewise are higher ranked 

numbers; and similar structures 

and phyUotaxy^l||^^Bi||^q|ii^^ out. This actual series, 
f, I, &c., answU^^lB^j^l^expressed by the con- 
tinued fraction, \ . 



1 When other instances are detected, they to other 

series, following the same law, such as the rare one 

^ ‘'The ultiaiate values of these continued fractiq^^^lK^infinitely 
are complements of each other, as their successive appro3||||^^^^ft|^d are 
in effect the same fraction, namely, the irrational or incoflj^^^^^^l^ter- 
val which is supposed to be the perfect form of the spi 
This does, in fact, possess in a liighor degree than any rationa 
property common to tiiose which have been observed m natu 
practically, or so far as observation can go, this higher degree is 
refinement of theory. For, as wo shall find, the typical irrational 
val differs from that of the fraction | hy almost exactly 
much loss than can he observed m the actual angles of leaf-arrangements 
^*On this peculiar arithmetical property . . . depends the geometrical one, 
of the spiral arrangement, which it represents ; namely, that such an arrange- 
ment would effect the most tliorougli and rapid distribution of the leaves 
around the stem, each new or higher leaf falling over the angular space be- 
tween the two older ones which are nearest in direction, so as to subdivide it in 
the same ratio in which the first two, or any two successive ones, divide the 
circumference. But, according to such an arrangement, no leaf would ever 
fall exactly over any other ; and, as 1 have said, we have no evidence, and 
could have none, that this arrangement actually exists in nature. To realize 
simply and purely the property of the most thorough distribution, the most 
complete exposure of light and air around the stem, and the most ample 
elbow-room, or spa<?e for expansion in the bud, is to realize a property that 
exists separately onl> in abstraction, like a line without breadth. Neverthe- 
less, practically, and so far as observation can go. we find that the fractions 
f and 1 ^, which are all indistinguishable as measured values in the 
plant, do actually realize this property with all needful accuracy. Thus, 
s= 0.875, -ft sss 0 885, and ^ 0,881, and differ from h [the ultimate value 

to which the fmetiouH of this series appiuxirnate, or what is supi>osed to he 
the type-form of them] by —0.007, -f 0.008, and —0.001 respectively ; or they 
all differ by inappreciable values from the quantity which might therefore be 
made to stand for all of them. But, in putting h for all the values of the 
series after the first three, it should be with the understanding that it is not 
eo employed in its capacity as the grwid type, or source of the distributive 
character which they have, — in its capacity as an irrational fraction, — but 
simply as being indistinguishable practically from those rational ones/’e— 
Clwaeey Wright^ in JMtm, Amer. AxxuL ix. 387-880. • 
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241 The successive grades of angular divergence of alternate 
leaves, as expressed in degrees, are ^ 

i = 180^^ I = 144® ^ = 188® 27^ 41.54'' 

4 = 120® i = 135® ^ = 187° 8' 34.29" 

and so on ; and beyond, if not in the latter cases, the diflRerences 
become quite too small for determination by inspection. They 
all fall witliin the J and J as to amount of divergence ; and they 
form a series converging to a deduced typical angle of 137® 80' 
28'^ which, being irrational to the circumference, would place 
no leaf exactly over ,any preceding one, but alternately and 
more and more slightly on one and the other side of the vertical, 
and so on, in an ei dless spiral That is, according to Bravais, 
the ranks in the higher grades tend to become curviserial^ or 
actually beco^ so; while in the lower grades they are obviously 
rectiseriaL Unless, indeed, there is some torsion of the axis, 
by which the vertical ranks are rendered oblique, as is often the 
case in cones of the Norway Spruce. But, apart from this, the 
difference between rectiserial in a high order and curvisenal 
soon becomes inappreciable. Any and all of the higher grades, 
and practically one as low as the secures the utility of the 
theoretical angle, viz., that by which the leaves would be dis- 
tributed most thoroughly and rapidly around the stem, exposed 
most completely to light and air, and provided with the greatest 
freedom for symmetrical expansion, together with a compact 
arrangement in the bud.” Even in the simpler grades of com- 
monest occurrence, each leaf (according to Wright) is so placed 
over the space between older leaves nearest in direction to it as 
always to faU near the middle of the space, until the circuit is 
completed, when the new leaf is placed over an old one.^ 

242. It is to be noted that the distichous or i variety gives 
the maximum divergence, viz. 180°, and that the tristichous or 
J gives the least, or 120® ; that of the pentastichous or J is nearly 
^e mean between the first two ; that of the |, nearly the mean 
between the two preceding, &c. The disadvantage of the two- 
ranked arrangement is that the leaves are soon superposed and 
so overshadow each other. This is commonly obviated by the 
length of the intemodes, which is apt to be much greater in this 
than in the more complex arrangements, therefore placing tKfem 
vertically farther apart ; or else, as in Elms, Beeches, and the 


1 This corresponds with Hofineister's general rule, that "new lateral 
members have their origin above tlie widest gaps between the insertions of 
the nearest older members,” Yet the fact tlmt the character of the leaf- 
arrangement is laid down at the beginning in the hud does not go far in the 
way of the mechanical explanation which he invokes* 
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like, the branchlets} take a horizontal position and the peti- 
oles a quaiter t^i^* which gives full exposure of the upper 
face of all the leAvps ‘ to the light. The J and f , with dimin- 
ished-divergence, increase the number of ranks ; the § and all 
beyond, with mean divergence of successive leaves, effect a more 
thorough distribution, but with less and less angular distance 
between the vertical ranks. 

242“. The helix or primitive spiral upon which the leaves 
successively originate ascends, sometimes from left to right, 
sometimes from right to leffe,^ commonly without change on the 
same axis, and prevailingly uniform in the same species but 
occasionally both directions occur in the same individual. The 
earliest leaves of a stem or branch, or the last, are often on a 
different order from the rest ; or (as already stated) the spiral 
may change into the cyclical, or vice versa. 

243. The relation of the phyllotaxy of a branch to the leaf 
from the axil of which the branch springs is somewhat various. 
But in Dicotyledons, the first leaf or the first pair of the branch is 
mostly transverse ; that is, the first leaves of the branch stand to 
the right or left of the subtending leaf. In Monocotyledons, the 
first branch-leaf is usually parallel to and facing the subtending 
leaf, as shown in Fig. 304. 

244. When the internodes are considerably lengthened, the 
normal superposition of leaves is not rarely obscured by torsion 
of the axis : indeed, this may equally occur in short intemodes, 
sometimes irregularly or in opposite directions, sometimes uni- 
formly in one. Thus, in Pandanus utilis, or Screw-Pine, of 
tristichous arrangement, the three compact vertical ranks be- 
come strongly spiral by a continuous torsion of tlie axis. The 
later leaves of Baptisia perfoliata, which are normally distichous, 
become one-ranked by an alternate twist, right and loft, of the 
successive intemodes. 

245. When the intemodes are short, so that the leaves approx- 
imate or overlap, it is difficult or impossible to trace the suc- 
cession of the leaves on the primitive spiral, but it is easy to 
see which are superposed. The particular phyllotaxy may then 
be determined by counting the vertical ranks, which gives the 
denominator of the fraction. But in compact arrangements 
these vertical ranks are commonly less manifest than certain 
oblique ranks, which are seen to wind round the axis in oppo- 
site directions. (See Fig. 245, 246.) These are termed second^ 
oiry spirals, also by some parastitMes. These oblique spiral 


^ That is, of the observer and as seen fmm without. See p. 51, foot-note. 
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ranks are a necessaiy consequence of the regular ascending 
an*angeinent of parts w ith equal intervals over the circumference 
of the axis ; and, if the leaves are numbered coiiseeutivel}', their 
numbers will necessaril 3 ' stand in arithmetical progi*ession on the 
oblique ranks, and have certain obvious relations with the pri- 
maiy spiral which onginates them, as will be seen b}’ projecting 
them on a vertical plane. 

245®. Take, for example, the % arrangement, where, as in the 
diagram annexed to Fig. 244, the primitive sjpiral, written on a 
plane suiface, appears in the numbere, 1, 2, 3, 4, 5, 6, and so 
on : the vertical ranks thus formed are necessaril}’ the numbers 
1-6-11 ; 4-9-14 ; 2-7-12 ; 5-10-15 , and 3-8-13. But two 
parallel oblique ranks are equallj’ apparent, viz. 1-3-5, which, 
if we coil the diagram, will be continued into 7-9-11-13-15 ; and 
also the 2-4-6-8-10 continues into 12-14, and so on, if the axis 
be prolonged. Here the circumference is occupied by two secon- 
daiy lefb-hand series, and we notice that the common difference 
in the sequence of numbers is two ; that is, the number of the 
parallel secondar^^ spirals is the same as the common difterence of 
the numbers on the leaves that compose them. Again, there are 
other parallel secondary sph'al ranks, three in number, which 
ascend to the right ; viz. 1-4-7, continued into 10-13 ; 3-6-9-12, 
continued into 15 ; and 5-8-11-14, &c. ; where again the common 
difference, 3, accords with the number of such ranks. This fixed 
relation enables us to lay down the proper numbers on the leaves, 
when they are too crowded for directly following their succes- 
sion, and thus to ascertain the order of the primary spiral series 
by noticing what numbers come to be superposed in the verti- 
cal ranks. Thus, in the small cone of the American Larch 
(Fig. 244) , which usually completes only three heights of leaves, 
the lowest, highest, and a middle one make a^ vertical row 
which faces the observer. Marking this first scale 1, and count- 
ing the parallel secondar}" spirals that wind to the left, we find 
that two occupy the whole circumference. From 1 , we number 
on the scales of that spiral 3-5-7, and so on, adding the com- 
mon difference 2, at each step. Again, counting from the base 
the right-hand secondary spirals, we find three of them, and 
therefore proceed to number the lowest one by adding this com- 
mon difference, viz. 1-4-7-10; then, passing to the next, on 
which the No. 3 has already been fixed, we carry on that se- 
quence, 6-9, &c. ; and on the third, where No. 5 is already 
fixed, we continue the numbering, 8-11, &c. This gives us in 
the vertical rank to which No. 1 belongs the sequence 1-6-11, 
showing that the phyllotaxy is of the five-ranked, or J order. 
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It is flirther noticeable that the smaller number of parallel sec- 
ondary spirals, 2, agrees with the numerator of the fraction in 
this the % arrangement ; and that this number, added to that of 
the parallel secondary spirals which wind in the opposite direction, 
viz. 3, gives the denominator of the fraction. This holds good 
throughout ; so that we have onl3' to count the number of par- 
allel secondaiy spirals in the two directions, and assume the 
smaller number as the numerator, and the sum of this and the 
larger number as the denominator, of the fraction which ex- 
presses the angular divergence sought. For this, we must, how- 
ever, take the order of secondary spirals nearest the vertical 
rank in each direction, when there are more than two, as in all 
the higher forms. But, in all, it is necessary' to count only the 
most manifest secondar}” spiral of each direction in order to 
lay down the proper number on the leaves or scales, and so deter- 
mine the phyllotaxy.^ In a rosette of the leaves of Houseleek 
(Fig. 245) and a cone of Finns Sti*obus (Fig. 246), the num- 
bers which can be seen at one view are appended, and in the 
latter the conspicuous secondaiy spirals are indicated : one to 
lefb with a common difference of 5 ; and two to the right, of 
which the most depressed and prominent has the common dif- 
ference of 3, the other, nearest the vertical, the common differ- 
ence 8. The 14th leaf is superposed to the first, indicating the 
^ arrangement. The same conclusion is derived from the num- 
ber of the higher spirals, the smaller 5 for the numerator, and 
this added to 8 for the denominator. The mathematical discus- 
sion of these relations, and of the whole subject of phjdlotaxy, 
leads into interesting fields. But this sketch ma^^ suffice for 
botanical uses. 

246.^*1^^1008 of Whorls to Spirals. Verticillate and alternate 
phyllotaxy, or whorls and spirals, in all complete exemplifica- 
tions, are to be considered morphologically as distinct modes, 
not to be practically homologized into one. Nevertheless, transi- 
tions between the two, and abrupt changes from one to the other 
on the same axis are not uncommon, the former especially in 
the foliage, the latter in the blossom. If the spiral be assumed 
as the fundamental oixicr, it is not difficult to form a clear con- 
ception as to how such changes come to pass. A single whorl 


1 In applying this method to the determination of the phyllotaxy of a 
eone, or any such assemblage of leaves, the student should be warned that, 
although the cones of Pines and Firs are all normally on the alternate plan 
(while those of Cypresses are on the verticillate), yet in individual cases 
(common in Norway Spruce) the cone is plainly made up of pairs of oppo- 
site scales which are spirally arranged. See note under 286. 
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may most naturally' be produced by the non-development of the 
intemodes between any two, three, or more alternate leaves. 
Two proximate distichously alternate leaves would thus form a 
pair ; the three leaves belonging to one turn of the spiral m the 
tristichous ( J) arrangement would compose a trimerous whorl ; 
the five leaves of the two tons in the pentastichous (f ) aiTange- 
ment, a 5-merous whorl, &c. Verifications of this conception, by 
whorls breaking up or reveiiing to sphals, are occasionally met 
with, and the successive overlapping in spiral order of the 
membei*s of a trimerous or pentamerous whorl is very common. 
The few instances among phaenogamous plants in which the 
leaves are opposite and all in the same plane ^ (that is, the suc- 
cessive pairs superposed) may be deduced from the distichous 
alternate mode becoming opposite without fuither change, by 
the simple suppression of alternate internodes. The frequent 
disjunction of the membera of the pair in similar and analogous 
cases goes to confirm this view. But the characteristic of whorls 
ordinarily is that proximate whorls alternate, that pairs de- 
cussate. We cannot homologize this with spiral phyllotaxy^ 
for in this lies the fundamental difference between the two plans. 
We can explain it only by a reference to Hofmeister*s law, which 
generally governs leaf-origination as to position, namely, that 
succeeding leaves appear directly above the intervals between 
the nearest preceding (241, note) : this gives decussation or 
alternation of successive pairs or whorls.* 

247. Hypothesis of the origin of both. Instead of regarding 
the spiral path on the stem which connects successive alternate 
leaves as a purely formal representation, it may be conceived to 
be the line along which the members in some original fonn were 
physically connected, in the manner of a leaf-like expansion 


1 As in Loranthus Europaaus, &c , according to Braun. See 236, note. 

® This renders the verticillate an advantageous arrangement, perhaps no 
less so than the distribution which spiral phyllotaxy effecta Both must be 
considered to have been determined by and for their respective utilities, and 
to have been independent determinations. For “ there is no continuity or 
principle of connection between spiral arrangements and whorls ” (Chauncey 
Wright) ; since, although individual whorls are easily reducible to spirals, 
each succession is an absolute break of that system. 

As whorls of four members often (as especially in calyx, bracts, &c.) may 
and sometimes should be viewed as two approximate pairs, so even the spiral 
of five members, as in a quincuncial calyx, has been conceived to consist of 
two whorls, one of two, the other of three leaves, the second alternating with 
the tot as nearly as possible. But this appears far-fetched and of loose 
application. It is much clearer as well as simpler to regard the alternate 
^ the fundamental phyllotaxy, and to deduce individual whorls from spirals, 
if need be, rather than to imagme spirals as somehow evolved from whorls. 
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resembling a spiral stairwa 3 \ Upon this supposition, the leaves 
would be the relics, or rather the advantageous results, of the 
segmentation of such a frond-like 
expansion, the segments separated 
through the development of the 
stem in length and firmness, and 
modified in the various adaptations 
to the conditions of higher vege- 
table life; even as leaves themselves 
are modified into tendrils, bud- 
scales, petals, or other usefully specialized structures. The t^^pe 
on this conception would be a frond, consisting of 
an elongating axis with a continuous leaf-blade on 
one side, and this taking a spirally twisted fonn. 

But the frond of Fucaceous Algse, Hcpaticie, and the 
like, is two-bladed. While a one-bladed frond, or 
with one blade suppressed, might be the original of 
alternate-leaved spirals, the two-bladed frond, simi- 
larly broken up, would give rise to the opposite or 
other varieties of verticillate arrangement.^ 

248. Fascicled Leaves need to be mentioned here, 
in order that they may bo excluded from phjdlotaxy. 

They are simply a cluster or tuft of leaves, belonging 
to more than one node, and left in a crowded con- 
dition because the internodcs do not lengthen. They 
may belong either to the alternate or the verticillate 
series. In Barberry and in the Larch (Fig. 247), 
the}’’ are evidently alternate ; and tliey may be infeiTed 
to be so in Pines (Fig. 248), or oven may be seen to 
be so in the bud-scales which form the sheath sur- 
rounding the base of the 2, 3, or 5 foliage-leaves. 

In Jumpers, the leaves of the fascicles are in the 
verticillate order. s 4 b 


1 This is the conception of the late Chauncey Wright. See his elaborate 
and most suggestive essay in Mem. Amer Acad. Arts and Sciences, ser. 2, 
ix. 879, mainly reprinted in Pliilosophical Discussions (posthumous), 21)6-828, 
in which the whole subject of phyllotaxy is acutely discussed, especially 
in its relation to questions of origin and developed utilities. His conception 

FIG. 247 Piece of a branch of the Larch, with two fescicles of leaves, i, e two very 
Short and stout branchlets, bearing scars of former leaves or bud-scales below, and a 
dense cl nster of leaves of the season at summit The main axis bears s(‘ars from which 
the alternate leaves of tlie developed axis of the preceding year separatefl. 

FIG. 248. Piece of a branch of Pitch Pine, with three leaves in a fiwolcle or bundle 
in the axil of a thin scale (a) which answers to a leaf of the main axis. The bun<lle Is 
surrounded at the base by a short sheaUi, formed of the delloaie scales of the axillary 
bud, of which the three leaves are the developed foliage. 
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Section II. Disposition op Leaves in the Bud. 

249.'"^rnatlon and JSstivation ai’e terms iu general use, under 
which the disposition of leaves m the bud is treated. The first 
relates to oidinary leaves in this earl}' condition ; the second, to 
the parts of a flower-bud ; not, however, as respects insertion^ 
or position on the axis, which is phyllotaxy (231), but as to 

the ways in which they 
^ are coiled, folded, over- 

if lapped, &c., either jjerse 

Mi ormterse, PrtsBfoliation 

V i/ and Pmjloration are 

et}Tnologically better 
teims, substituted by 
Richard.^ 

250. The descriptive 
terms which relate to 
individual leaves or 
pai*ts, whether of foli- 
age or blossom, mostly range themselves under the heads of 
plications or of enrolling, and are such as the following, the 
sectional diagrams of which are copied from the original figures 




would make the two plans equally pnmordial. But the freedom with 
which these actually interchange on the same axis greatly favors the less 
hypothetical view that whorls may be condensed spirals. This assumes 
only the well-known fact that intemodes may be completely non-developed. 

1 Better formed and more expressive terms: but the Linnsean ones are 
most in use, and, though fanciful, are not misleading. In English description, 
it is as convement and equally terse to say tliat the parts are imbricate, val- 
vate, &c., "m the bud.’* Lmnaeus, in the Philosophia Botanica, described 
these dispositions of leaves in the bud under the term Foliatio, — not a happy 
name, — but did not treat of them in the flower-bud. Later, m Termini 
Botanici (Amcen. Acad, vi 1762, reprinted by Giseke in 1781), he intro- 
duced the words Vematio mdj^stivatio in their now current botanical sense, 
to designate, not the time of leafing and of flowering (spring and summer 
condition), but the disposition of the parts in the leaf-bud and flower-bud 
(at least of the petals) as respects foldings, coiling, &c., of single parts, and 
modes of overlapping or otherwise of contiguous parts Tlie terminology 
as regards single leaves, Linnsaus fixed nearly as it now remains. That of 
leaves or their homologues in connection, and as respects the flower-bud, was 
very imperfectly developed until its importance (and much of its termi- 
nology) was indicated by Robert Brown, in his memoir on Proteacese, 1809, 
in the Prodromus a year later, and in other publications. 

Ptyxis (the Greek name) is conung hito use as a general term for the 
folding, &c,, of single parts, 

FIG. 219-264. XiniuBan diagrams of sections of leaves in the bud 2^. Oonduph- 
cate. 260. Plicate or plaited 261. Oonvdtote. 262. Bevolute. 268. Involute. 264. 
Ctreinate or Circinal 
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in the Philosopliia Botanica of Linnseus. The}' were applied 
only to foliage, but they are equally applicable to floral parts. 
Leaves, and all homologous or similar organs, if not simply 
plane, will be cither bent or folded or else more or less rolled up 
in the bud. The fii’st three of the following teims relate to the 
former, the I'emaining temis to the latter. They are as to the 
mode of packing 

Plicate or Plaited (Fig. 250) , when folded on the several ribs, 
in the manner of a closed fan, as in Maple and Currant. This 
occurs only in certain palmately veined or nerved leaves. 

Gonduplicate (Fig. 249), when folded lengthwise, or doubled 
up flat on the midrib, as in Magnolia ; a very common mode. 
The upper face of the leaf is always within. 

Reclinate or Inflexed^ when the upper part is bent on the 
lower, or the blade on the petiole, as in tlie Tulip-tree (the blade 
of which is also conduplicate) . 

Convolute (Fig. 251), when rolled up from one margin, i.e, 
one margin within the coil, the other without, as in Apricot 
and Cherry. 

Involute (Fig. 253), both margins rolled towaitl the midrib 
on the upper face, as the leaves of Water Lily, Violet, &c. ; 
also the petals of Steironema and Ti‘emandra. 

Revolnte (Fig. 252), similarly rolled backward from both 
margins, as the leaves of Azalea and Rosemary. 

Oirdncd or Grcznate (Fig. 254), when coiled from the apex 
downward, as the leaves of Drosera and the fronds of all the 
true Ferns. 

Corrugate or Crumpled^ as the petals of a Poppy, applies 
to the irregular crumpling of the otherwise plane corolla-leaves. 
This is a consequence of rapid growth in length and breadth 
in a confined space. 

251. The Ptyxis (or folding, &o.) of an individual leaf, of 
which the foregoing modifications are the principal, should be 
distinguished from the arrangement in the bud of tlie leaves of 
a circle or spiral in respect to each other. The interest of the 
latter centres in the flower-bud, i. e, in aestivation. To tins the 
following exposition is devoted, although someti&es applicable 
to leaf-buds also.^ 

252. The disposition of parts in aestivation, in respect to 
each other, is the result partly of their relative insertion, that is 

1 In the succeeding paragraplis, it becomes necessary to presuppose so 
much knowledge of the flower as is implied in tlie free use of such terms as 
calyx and corolla, sepals or calyx-leaves^ and petals or coroUarleaves. See, 
if need be, Chapter VI. Sect. I. 
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theii* ph 3 'llotaxy, and parti}' of the way in which they comport 
when their margins meet in growth. Those leaves which are 
within, or of higher insertion on the axis, will almost necessaril}' 
be enclosed or overlapped: those which are members stnctl}' 
of the same whorl or c^'cle ma}' fail to come into contact, or 
ma}' meet without overlapping at the contiguous margins or 
apex ; 3 'et the}' ma} be overlapped, since they may have grown 
unequally or some a little earlier than their fellows. Conse- 
quently, no perfectly clear line can be drawn in the flower between 
cycles and spirals except by their mode of succession. More- 
over, aestivation strictly so called should be concerned only 
with the disposition among themselves of the several members 
of one whorl, or of one complete spiral. So the alternation of 
contiguous whorls, as of the three inner with the three outer 
flower-leaves of a Lily or a Tulip (the alternative aestivation of 
DeCandolle), is a matter of phyllotax}', not of estivation. The 
latter is properly concerned only with the relations of each three 
leaves to each otlier.^ 

253. The proper aestivations may be classified into those in 
which the parts do not overlap, and those in which they do. Of 
the first, there are two kinds, the {mst, 
aperta) and the vcUvcAe^ both characterized and 
named by Brown.® Of the second, there is 
one leading kind, the imbricate (adopted by 
Brown from Linnaeus), with subor^nate modi- 
fications.® Accordingly, the aestivation is 
said to be 

254. Open or Indeterminate {mt, aperta)^ 
when the parts do not come into contact in the bud, so as to 

^ The same applies to the two sets of sepals and of petals in Barberry, in 
Menispermum, and of the petals in Poppy, &c. (869). 

^ LimuenB, indeed, has, ‘*JEstivatio valvata, si petala se expansura instar 
glume graminis ponuntur,” — the name, but not the thing: the glumes of 
grasses are not valvate in the botanical sense. So the term as to its proper 
use may be said to onginate with R. Brown 

* Por a brief discussion of " JBstivation and its Terminology,” see Amer 
Jour. Sci. ser. 3, x. 389, 1875 

As to names, it is perhaps more correct to say of the cestivation that it is 
imhricatwBf convoJntii'e^ Mi/Wur, &c. (rest, imhricativa^ convdntiva^ valmmSy &c.), 
but of the loaves or pieces, that they are imbricate, canroJute, vaJvate, &c , in 
sestivation ; but such precision of form will seldom be attended to in botan- 
ical descriptions. 

PIG 2W) Diagrammatic cross section of an iinoT)ene<i flower of Linden : its outer 
circle of floral leaves (sepals) valvate in the bud; the inner (petals) between convolute 
and inibi icate 
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cover those within. The most familiar case is that of the petals 
of Mignonette and the whole genus Keseda. 

255. Valvateov when the margins meet squarely in die 

oud, without any overlapping, like the valves of a dehiscent cap- 
sule. Familiar examples are atibrded by the calyx of the Linden 
(Fig. 255) ; also that of the Mallow, Rhamnus, Fuchsia, and the 
whole of the several natural orders to which these belong. A 
modification of this, caused by some induplication or involution 
of the edges of the individual leaves, occurs in most species of 
Clematis : in Clematis Virgiiiiana, the}' 
meroh project within dupli- 

cate) ; in Clematis Viticella, the}’ are 
conspicuously involute {cal cafe-involute)^ 
or valvate with margins involute. Some- 
times (as in the calyx of certain Malvaceae) the joined edges 
project outwardly (or are valv ate with reduplicate margins) , but 
only slightly so. 

256. Imbricate or Tmhricative is the general name for aestiva- 
tion (or vernation) with overlapping. The name is taken from 
the overlapping of tiles or shingles on a roof, so as to break 
joints or cover edges. It was first applied, by Linnajus, to 
leaves or scales on a stem, when thickly set and incumbent in suc- 
cessive ranks or heights, the upper partly covered by those next 
below. The involucre of an Aster or of the common Sunflower 
is a typical illustration ; as also the leaves of a Camellia-flower, 
the sepals as well as the petals ; and the sepals or outer leaves 

O O 

258 ^ SOO 

of a Flax or a Geranium-flower alford a simpler but similar 
instance, although, ftom the paints being nearly of the same size 
and at the same lieiglit, the overlapping is lateral instead of 
obviously from below. Fig. 258, 259, and the' outer part of 
260, also the inner leafy circle of 255, illustrate in diagram this 
true and simple imbrieative estivation of a definite number of 

VKS. 250 Valvttt&-it«lnnHcate flower-leave8 (calyx) of OIomatiR VirginUuna, Ac. 
2ffr. Valvute-iuvolwto, an tii 0. Vlticolla 

FTG. 258-260. Imbricate wativatlon: 258, in two wliorle of three leaves each (calyx 
and corolla), 260, same of ftve leaves in the outer circle, those of the inner circle con- 
volute; 259, a single net of three imbricated leaves (in the corolla of Magnotia)» 
almost completely encircling each other. 
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paxts.^ It is characteristic of it that some parts (one or more) 
are wholly exterior or covering in the bud, and others (one at 
least) interior or covered, at least the margins. In(ibricative 
sestivation, it will be seen, naturallj’- attends alternate or spiral 
phyllotaxy (248, and see Fig. 242, 243) ; and if it be main- 
tained that these sets of three, five, &c., in the blossom are not 
depressed spirals, but whorls or cycles (as may commonly be 
the ease in the corolla, but hardly in the calyx) , it is not less 
true that the parts are apt to comport themselves in the exact 
manner of a depressed spiral. The kinds of regular imbrication 
of alternate leaves, &c., may be specified by the terms or frac- 
tions expressive of the particular grade of phyllotaxy (^, f , 
I, (fee.). But some of them have received special names, which 
may be employed, as subordinate to the general denomination of 
imbricate. The most important of these are the 

JSquitant^ where leaves override, the older successively astride 
the next younger. The typical instance is that of ancipitdl or 
two-ranked (^) conduplicate leaves, successively clasping, at least 
next the base, as in Iris, Fig. 217. In what Linnaeus termed 
equitant’-triquetroibs (well seen in Fig. 240, 241), the leaves are 
three-ranked (being of the J order), and each imperfectly 
conduplicate. 

QaiTUiuncial aestivation (as in the outer part of Fig. 260) is 
simply the imbricate aestivation of five leaves (^), in which 
necessarily the first and second are external, the fourth and fifth 
internal, and the third with one margin external, where it over- 
lies the fifth, and the other internal, where it is covered by 
the first. 

AUemative aestivation, as already stated (252), comes from 
verticillate or cyclic phyllotaxy, and the alternation of successive 
whorls. When two such whorls, say of three leaves each (as in 
Fig. 258) , are so condensed or combined as to form apparently 
one set or circle of six members (as in the flower-leaves of most 
LUiaccae) , three members alternate with and are covered by the 
other three, and this sort of imbricate aestivation is produced. 
More properly, , the two series are to be considered separate!}''. 
Where the parts are four (as in Fig. 396), the normal imbrica- 
tion is decussate, two exterior and two interior. This is some- 


1 All the examples referred to result from alternate or spiral phyllotaxy, 
the former of higher series, the latter of the J (Fig. 268, 269), and of the | 
(Fig. 200) order. Instead of separating (with DeCandolle and others) the 
i arrangement as different in kind from the imbricate (under the name of 
quincuncial estivation ), we should count it as a typical case Otherwise the 
I arrangement might equally claim a generic distinction, also the -f, Ac. 
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times a clear case of binary instead of quatemai^^, i, e. to be 
counted as two pairs of opposite leaves ; yet it may be a single 
whorl of four, notwithstanding the imbrication. Or these four 
leaves may even, in some cases, be regarded as a portion of a 
depressed spiral, say of the g order with one piece omitted, and 
the others adjusted so as to fill the space. 

257. There arc various deviations from normally imbricative 
aestivation, especially where the members are five, occurring 
some in regular but more in irregulai* flowers, which need not be 
referred to here. One, for which no specific name is requisite, 
is a case merely of excessive overlapping in the regular way ; 
namely, where each piece completely and eonccntricall 3 ' encloses 
the next interior, as shown in Fig. 259, representing tliree petals 
of Magnolia Umbrella. This the French botanists have called 
convolute aestivation, because the individual leaves are involute 
in a manner approaching the convolute vernation of Linnaeus. 
Another is the Vexillar^ as in the Pea tribe (Fig. 306), where 
members which should be external have somehow developed as 
internal, both in calyx and corolla. A third (which has received 
the usually quite meaningless name of Cochlear^ spoon-like, 
and is also that to which most French botanists singularly re- 
strict the name of imbneative) is a state exactly intermediate 
between the quincuncially imbricate and the convolute or 





contorted. In it, one leaf is wholly outside, one wholly inside, 
and three with one margin inside and the other outside. It occurs 
under two modifications, viz. with the innermost leaf remote from 
the outmost (Fig- 261), and with it next to the outermost as in 
Fig. 262. In view of the intermediate character, wo had 
applied to this the somewhat awkward name of 0onvolute4mbri~ 
ccUe,^ To bring Fig. 261 bade to the quincuncially imbricate 


I It would not be amiss, therefore, to name one of these modes, viz. that 
of Pig. 261, Subimhricat6f and the other, Pig. 262, Suheenvolute* G^eo^ge 

PIG. 261 Quinounoial imbricate modified toward convolate by one edge of the 
second leaf developing Inside instead of outside of the adjacent edge of the fhurth. 

PIG. 262. Oonvolute modified toward imbricate by one leaf having a margin inside 
Instead of ontslde its neighbor 

PIG. 268. Oonvolute, or convolntive, or contorted (twisted) iwtlvation. In diagram. 
In these three diagrams, the darh circle above represents the position of the axis, the 
flowers being axillary. 
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form, we have only to reverse a single overlapping on the left- 
hand side of the figure. To restore Fig. 262 to the convolute, 
we have only to reverse a single overlapping at the lower right- 
hand side. Changes like these, or the reverse, are not rare in 
several species, particular!}" in the corolla. Thj normal form 
and the deviation often occm' in different flowers on the same 
individual, thus indicating an easy passage between the imbricate 
aestivation in the proper sense and the 

258. Convolute^ otherwise called Ohvolute or CoiitorUd^ or 
Tmsted^ Fig. 263, and inner circle of Fig. 260. Here each leaf 
successively overlaps a preceding and is overlapped by a following 
one, all having a slight and equal obliqmty of position, so that 
all alike have an exterior and an interior (or a covering and a 
covered) margin, and aU appear to be as it were rolled up to- 
gether. This is strikingly so when the parts are 
broad and much overlapped, as in Fig. 264. Brown 
included this among the foims of imbneate aestiva- 
tion, and so does Eichler, particularly distinguishing 
it, however, under the name here preferred. The 
264 occasional transitions would justify such classifica- 
tion. But in most cases it is so uniform, and in the corolla so 
completely characteristic of whole families (such as Malvaceae, 
Onagracese, Apocynacese, Gentianaceae, Polemoniacese, &c.), and 
is so distinct in its nature, that it may well take rank among 
the primary kinds of aestivation. As to its nature, it is evident 
that while the imbricate mode (at least the ternary, quinary, 
&c.) indicates or imitates spiral phyllotaxy (some members be- 
ing within or with higher insertion than others) , the convolute 
and the valvate (having all the members of the series on the 
same plane) answer to verticillate phyllotaxy, or to whorls 
instead of depressed spirals.^ The name which this mode of 

Henslow, in Trans. Linn. Soc. ser 2, i. 178, proposes to call the former half- 
imbricate ; the latter (following the faulty French example) is his imbricate 
proper 

Tlie suhimbncate mode has two varieties, distinguished by Eichler (in 
Bliithendiagramme) as asemsive, when the lower or anterior (z. 6. the pieces 
next the subtending bract or leaf) are successively exterior (as in Fig. 261), 
and descermm^ when the covering is from the upper side, i. e. from the side 
next the axis. 

^ Still, as those members of a quincunx which normally should be wholly 
external do sometimes become internal during their development in the bud, 
similar changes may be conceived to change a quincuncnal into a convolute 
•disposition; but, to effect this, three out of the five overlappings would have 
to he reversed 

FIG 264 Convolute (also called contorted) sestivation of a corolla. 
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aestivation ought to bear is not yet well settled, but that of con^ 
volute, here preferred, will probably prevail.^ 

259. In recapitulation, these principal forms of the aestivation 
of floral cu'cles may be classified in a synopsis. They arc : I. 
those not closed = open or indeterminate : II. closed ; and these 
1, with the mai-gins not overlapping = valvate; 2, with margins 
overlapping ; «, one or more with both mai-gins covered = imbri- 
cate , b, all with one margin covered, the other uncovered = 



convolute* 

260. Plicate or Plaited, when applied to the flower-bud as a 
whole, is in a somewhat different category. The tei*m is here 
used for the plaiting 
of a tube or cup, 
composed of a circle 
of leaves combined 
into one body. It 

is well marked in 200 su: 

the corolla of Convolvulus and of Datura, and 
in most of the order to which these belong. In 
Campanula, these plaits are ail outwardly sa- 
lient and straight (Fig. 265) ; in the corolla of 
most Gentians, tlie plaits are internal and straight. 

In Convolvulus and Datura (Fig. 266-268), 
the narrow plaits overlap one another in a con- 
volute way, when they are said to be Supercolute* 

In the common Morning Glory and some other 
species of Ipomoea, these plaits arc besides spirally twisted or 




1 See article entitled " ABstivation and its Terminology," above referred to. 
The earliest name is Ohvohde, given by Linnsens to the l^d of vernation in 
which two leaves (condupUcate ones in his diagram) are put together so 
that one half of each is exterior, the other interior That is just the mode 
in question reduced to a single pair of leaves, as it is in the calyx of a Poppy. 
Mirbel is the only botanist who has applied the term to ssativation, and to a 
circle of more than two leaves, and it has never been adopted in botanical 
descriptions It has the disadvantage that the prefix 0 /) to botanical terms 
means obverscly or inversely. Contorted (mitorta), in Knglish Twisted, is in 
early and is the commonest use, and it is sometimes expressive. The objection 
to it is, that contortion or twisting of the flower-bud often conspicuously oc- 
curs where there is no overlapping of edges (as in many species of Ipomcsa) ; 
that really no twisting accompanies the overlapping in a majority of cases 
of this aestivation ; and that when there is a twisting it is not rarely in the 
direction contrary to tlie overlapping; so that the contortion needs to be 

FIG. 265. Cross section of the extrors^y plicate or plaited tube of the corolla of 
a Campanula in the bud. 266. Same of a Oonvolvultts (OsJystegla), tbe plaits convolute 
or Bupervolute. 

FIG. 267. Upper part of unexpanded oorolla of Datura; the plaits convolute or 
supervolute. 268. Cross section of the same. 
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contorted in the opposite direction ; that is, the plaits overlap 
to the right and are twisted to the left.^ 

261. Direction of Overlapping, &c. This is to be noted in the 
ternary, quinary, or other forms of spirally disposed imbrication, 
also in convolute and twisted or contorted sestivation. It 
may be either to the right (dextrorse) or to the left (sinistrorse ) . 
The application of this term depends upon the assumed position 
of the obsen^er, whether outside or inside. We always suppose 
him to stand outside, in front of the object : so when the over- 
lapping is from right to left of the observer thus placed, as in 
Fig. 266, it is sinistrorse ; when from his left to right, as in 
Fig. 267, 268, dextrorse.^ The direction is generall}" constant, 
but in many cases only prevalent, in the same plant or the same 
species, or even the same genus : sometimes it is uniform or 
nearly so throughout a whole natural order. 


separately expressed To describe the sestiyation in such cases as dexbrorsum 
contorta et stnistrorsumtorta (or in similar English words), when the overlapping 
is to the right and the twisting to the left, is at least awkward and cumbrous. 
Convolute is a fitting name, of occasional early application to this mstivation 
(as by Jussieu to the petals of Malvaviscus), but without definition in tliis 
sense ; it has for many years been steadily adopted by the present writer, 
is employed by Eichler in Germany, and has recently been adopted by 
G. Henslow and others in Great Britain. It has, however, the disadvantage 
of having been used by Lmnseus to express the coiling of single leaves, and 
in a manner not wholly congruous, but still with one edge outside and the 
other inside. 

1 In oim phraseology, dextrorsely convolute and sinistrorsely contorted ; 
in the current phraseology above referred to, dextrorsely contorted or twisted 
and sinistrorsely twisted ' 

2 The reasons for adopting this view (in opposition to the authority of 
Linnseus and DeCandolle) are given in note on p. 51. 
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CHAPTER V. 

ANTHOTAXY, OE INFLORESCENCE, 


262. Inflorescence, a term which would literally denote the 
time of flower-beariug, was applied by Linnaeus to the mode, that 
is, to the disposition of blossoms on the axis and as respects 
their arrangement with regard to each other. Anthotaxy, a 
name formed on the analogy of phyllotaxy, and denoting flower- 
arrangement, is a better tenn. The subject really belongs to 
ramification (83, 14-16), and is also concerned with foliation 
and with phyllotaxy. It is most advantageously treated apart, 
immediately preceding the study of the blossom itself. 

263. In and near the blossom, 
both axis and foliage very commonly 
undergo modification, either abrupt or 
gi’adual, giving rise in the former to 
Pedmcles and Pedicels^ in the latter to 
Bracts and Braetkts, 

264. A Bract (in Latin Bractea) is a 
leaf belonging to or subtending a 
flower-cluster, or subtending a flower, 
and differing from the ordinary leaves 
in some respect, usually in shape and 
size, not rai*cly in texture and color. ^ 

They are commonly, but not always, 
reduced or as if depauperate leaves, of 
little or no account as foliage, but some- 
times of use for protection, sometimes 
rivalling the highly colored flower-leaves 
for show, more often insignificant or 
minute and functionless, sometimes obsolete (as in Cruciferse) , or 

1 Bracts of the first order are sometimos called floral leaves [Foliafloralia), 
or at least these are not well distinguished from bracts. But the term floral 
leaves is descriptively more properly and usually applied to leaves below 
the bracts or proper ongin of the flowej>clu8tera, yet near them, and un- 
like the proper cauline leaves. It is a vagnic term, and Ss in some danger of 
being confounded (as it never should be) with another vague term, viz. 
flower-leaves, or the leaf-like organs of the flower itself. 

FIO, 269. Bract (spathe) of Indian Turnip, partly out away below to rfiow the 
fleshy spike (spadix) of flowers which it surrounds. 
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Ibgacious. Each flower is subtended by (grows from ‘the axil 
of) a bract in Fig. 277-280, &g. A cluster of flowers is sub- 
tended by a conspicuous and colored bract in Fig. 269, 270, 271 ; 
by a circle of colored bracts, imitating white petals, in Fig. 294. 

Spathe is the name given to such an enclosing bract, or 
to two or more leaves successively enclosing a flower-cluster. 


271 270 272 



273 274 m 


Involucre is the name given to a circle or spiral collection of 
bracts around a flower-cluster, as in Cornel (Fig. 294, also in Fig. 
280 and 286), or around a single flower, as in Hepatica and 
Mallow. A compound inflorescence may have both a general 
and a partial involucre, one for the general flower-cluster, othei*s 
subtending the partial clusters. The name of involucre is then 
reserved for the general one ; that of 

Involucel is applied to the partial, secondary, or ultimate 
involucres. 

Bractlets (Lat. Bracteola^ diminutive of bract) are bracts of 
9 secondary or ultimate order. For example, in the slender 
flower-cluster. Fig. 277, i is a bract, subtending each individual 
flower-stalk ; b' is a bractlet, or bract of secondary order, borne 
on that partial flower-stalk itself. The French naturally translate 
the Latin bracteola into hractioU (pi. hracteohs) : in English, 
hractlet is an idiomatic and better diminutive. 

Palbts (Lat. Paleoi)^ also called Chaffs are diminutive or 

PIG. 270 Monophyllous spathe of Indian Turnip, with tip more eroct. • 271 . Spathe 
and spadix of Oalla. 272. Raceme of Cherry, lealjy at base. 273 Uidiotomous oyme. 
274. Panicle of IMteadow-Qrass 275 A corymb. 
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j[chaflF-like bracts or brackets on the axis (or receptacle) and 
I among the flowers of a dense inflorescence, such as a head of 
^Composite (275, Fig. 287, 288) ; and the name is also given 
Pbo an inner series of the 

I Glumes of Grasses. These are peculiar chaffy bracts or bract- 
» lets which characterize the inflorescence of Grasses and Sedges. 

* 265. Peduncle is the general name of a flower-stalk, that is, 
of an axis or stem, which instead of foliage, or at least ordi- 
aary foliage, supports a 

t iower-cluster or a single 
^ lower. In Fig. 276, 

S 3 ach jpeduncle (rising 
^ Tom the axil of an ordi- 
lary leaf, and therefore 

f inswering to a branch) 276 

)ears a solitary flower. In Fig. 277, the peduncle bears a series 

* >f flowers, or a flower-cluster. In this instance, each flower 
^ome on a flower-stalk of its own, that is, upon a 

* Pedicel. This is the name given to distinguish ^ 

I. partial flower-stalk, or, more stilctly, the stalk TO 
►f each individual flower of an inflorescence. (Fig. 

J77-284.) In less simple flower-clusters, with ^ 
Wification of two, three, or more grades, general 
peduncle, partial peduncles, and pedicels have to be 
hstinguished : the term pedicel is reserved for the [< 7 ^ 
Itimate ramification. ^ 

: Scape is the name given to a peduncle rising 
rom the ground, as that of most Primulas, of f 
bodecatheon, Hepatica, and the so-called acaules- Jymi 
ent or stemless Violets. 

Rhaohis (backbone) is a name given to the axis » ^ 
f inflorescence ; that is, the continuation of the 
tern or pedttiicle thmugh a somewhat elongated 
ower-cluster, as in a spike of Birch or of Plan- 
ain, Fig. 289, 290. Wlieii thisa^ftis is short, as in y 

S head (Pig. 285-288), it is nsuJlly oalW, \ 

-ECEPTACLE, a word also used for tlie axis or cauliiie- 877 

art of a flower. The context should show when receptacle of 
florescence, and when receptacle of the flower itself, is meant, 
oth belojng to axis or stem. 


SITfe. Moneywort, Lyslmachla nuxnnmlaria, with axillary 


SeK^ositioii of Flowers or Clusters. Flower-buds accord 
with leaf-buds in origin, position, and structure, to this extent at 
least, that the pailis of both are leaves or homologues of leaves, 
crowded in whorls or spirals upon a short portion of stem or 
axis ; and as leaf-buds are either terminal or axillai^" (15, 75) 
so also are flower-buds ; as a leaf-bud may give rise to a simple 
or a compound growth, i. e. ma}" branch again and again, or not 
branch at all, so flower-bearing branches, or the flower-bearing 
extremity of a stem or branch, may bear a single flower, or a 
more or less compound cluster. Thus, in Fig. 276, an axillary 
peduncle, or naked branch, bears at apex a solitary flower ; in 
Fig. 277, a peduncle bears a loose cluster of flowers, each of 
which springs from the axil of a small bract; in Fig. 285, 
a terminal peduncle bears at summit a dense flower-cluster. 
Flowers are either solitaiy or in clusters. When solitaiy, they 
are natui^ally without bracts, being subtended instead (as in Fig. 
276) by ordinary foliage. 

267. The elevation either of a solitary flower or a cluster on a 
peduncle, or of individual flowers of a cluster on pedicels, is only 
incidental. The flowers may be stalkless, i. e. sessile. 

268. sJflie Finds of Inflorescence which have received distinctive 
names are various, but are all reducible to two types, which, 
generally well marked, may sometimes pass into each other, and 
which are not rarely combined in the same compound inflores- 
cence*^ The two types differ in basis as do axillary from ter- 
minal buds ; in the one the flowers are axillary or lateral, in the 
other terminal in respect to the axis from which each flower or 
its pedicel arises. But inasmuch as every flower, whatever its 
position, is terminal to its own stalk or axis, it is better to dis- 
tinguish the two types in other terms, and to name them the 

V 269. Indefinite and Definite, or, in equivalent and similar terms, 
the Indeterminate and Determinate.^ Each may be either simple 
or compound. It is from the simple that the definitions are to 
be drawn. In the former tj^pe, the rhachis or main axis of the 
inflorescence is not terminated by a flower, but lateral axes, or 
pedicels, are. In the latter, both the main or primary and the 
lateral or secondary axes or stalks are so terminated. An inde- 
terminate flower-cluster may go on to develop intemode after 


1 Inflorescence, as has been well insisted on by Guillaud (in Bull. Soc. 
Bot. France, iv 29), is a mode, not a thing. The tilings sometimes but in- 
appropriately so called are flower-clusters, for which, if a general technical 
name is needed, that of Anthem^ in English Anihemy^ suggested hy Guillaud, 
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internode of axis, and one or more leaves (bracts) at each node\ 
and then a flower in the axil of each bract, until its strength or 
capabilit}’ is exhausted Or it may stop short with ver}’ few 
flowers ; but the uppennost and youngest one will not really ter- 



minate the rhachis (i\ e. come from a tenninal bud) , though it 
may appear to do so. (Fig. 272, 277-279, &c.) The lower 
flower-buds are evidently the oldest, and accordingly the first to 
expand ; and the expansion will proceed regularly from below 
upward : wherefore this type of inflorescence has been called the 


Ascending or Acropetal ; likewise the Centripetal^ because, when 
the flowers are brought to the same level or near it (as in Fig. 
279, 280) by a lengthening of the lower pedicels, with or with- 
out relative shortening of the rhachis, the evolution 



is seen to proceed from circumference to centre. 


There is thus no lack of names ; but, inasmucli as 
the following tj’pe is commonly referred to under the 
general name of Oymose^ to this has recentlj' been 
given the counterpart name of Botryose, (271.) 



270. A determinate flower-cluster (as seen in its gradual 
development which is not rarely presented) has the last ifltemode 


FIG. 278-280 TMagramB of iiidelinlte, indeterminate, centripetal, or IwtryoBe in- 
florescence: 278, Kaceme; 279, Corymb; 280, Umbel / 

PIG. 281-284 Dlagramg of deflnite, determinate, centrtftiKal, or oyintwe intorea^ 
oence: 281, a false or descending raceme; 282, a solitary terminal tlOwer; 288, witli 
two lateral flowers developing, fwming a 3-flowerad cyme; 284, same witli lateral 
pe<lnneles 3-fl/»were»l, or a p^r of S-flowered cymes, beside tlie central or primary 
terminal flower. 
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of its axis terminated by a flower (Fig. 281-284) , which answers 
to a terminal bud. If more flowers appear, so as to compose a 
cluster, they spring from the axils, preferabl}’ from the highest 
axils, and are later. The order of evolution is shown in the figures 
by the size of the flower-buds or degree of expansion of the 
blossoms. Fig. 281 best shows why a determinate or defimte in- 
florescence is sometimes said to be Descending ; Fig. 283 shows 
why it is called Centrifugal^ the central flower first expanding ; 
Fig. 284 exhibits the lateral or circumferential paitial clusters 
later than the central blossom, and their lateral flowers later 
than th^r central. 

271\yYarieties of Indeterminate or Botryose Inflorescence. The 
names of most of these have been fixed from the time of Linnaeus, 
but defined without reference to the order of evolution of the 
flowers. The y are the Raceme. Corymbs an d with jflowers 
raised on pedic iisTite"^^S »^g aud Head^ with sessile flowers ; 
also some modificalions of these, notably the ^ent and the 
_ Tlir raceme may be taken as the t 3 ’pe. Botrys is 

' "equivalent to racemus^ &c. ; and, as the t^’pe includes diversity 
of forms to which the name racemose would seem inapplicable, 
the tenn hotryose (fotrytisclien of Eichler) is best chosen as the 
general name of it, and is a good counterpart to cjinose for the 
other iype. y 

272. A Baceme (illustrated in Fig. 272, 277, and by diagram 
in Fig. 278) is a simple flower-cluster, in which the flowers, 
on their own lateral or axillary pedicels and of somewhat equal 
length, are arranged along a relatively more or less elongated 
.rhachis or axis of inflorescence. The common Barbeny, Cur- 
rant, Choke-Cherry and Black Cherry, and Lily of the Valley 
are familiar examples. 

273. *A Corymb (Fig. 275, 279) is a shorter and broader 
boti^'cse cluster, which differs from a i*aceme only in the relatively 
shorter rhachis and longer lower pedicels ; the cluster thus be- 
coming flat-topped or convex. The centripetal character is thus 
made apparent. The greater number of the cor 3 Tnbs of Linnaeus 
and succeeding botanists are cjunes, the central flower first ex- 
panding. And the term corymbose or corymb-like is still much 
used in descriptive botan}" for a ramification which is mainly of 
the cyn^se type, and where in strictness the term c^mose should 
be employed. 

274w/ In Umbel (Fig. 280), as in Asclepias, &c., differs from 
a corymb only in the extreme abbreviation of the rhachis or flTria 
of inflorescence, and the general equality of the pedicels which 
thus all appear to originate from the apex of the peduncle, and 
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The name means » resembling a flower.” Although it has ah 
the characters of a true head, the resemblance to a flower is 



remarkably striking, the involucre imitating a calyx, and the 
sh^p-shaped (ligvMe) corollas of the several flowers imite^ 
the petals of a single blossom. In some (such ^ Dandelion 

and the Cichory, Fig. 286) , all 
the flowers of the head bear 
^ these petal-like corollas ; in 
more (such as Aster, Sun- 
flower, and Coreopsis, Fig. 
287), only an outer circle of 
flowers does so , the remain- 
der, smaller and filling the 
centre (or dink)^ may by the 
casual observer be taken for 
stamens and pistils, and ftirther the deception. The rhachis 
or receptacle of a head of this kind is commonly depressed, 
the flowers on what then becomes the upper surface, 
which adds to the imitation.' 

Syconium. This name, given to the Fig-fruit, should be here 
referred to, as it is a sort of inflorescence, of the general nature 
of a head, but with receptacle external and flowers enclosed 



1 The receptacle of an Anthodium has been termed Clinanthhm or Phor- 
caOkivcm ; and its involucre, a Penpharanthium or Peridinvm, The head has 
likewise been named a CephalmMvmn 

no. 3J86, Flowering kraiudi of Cichory, with two heads of ligulate flowers, of 
natnnd rise. 

FIG- 287 Vertical section of a head of flowers of a Ooreopsis. 
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within. See Fig. 657-659 (683), where its morphology is ex- 
plained and illustrated. Viewed as an inflorescence, it has also 
been named a Hypanthodium. 




2761:^ Spike is a cluster of sessile (or apparently or nearly 
sessile) lateral flowers on an elongated axis. It may be de- 
flned by comparison, as a head with the rhachis lengthened 
(indeed a young head often becomes a spike when older) , and 
equally as a raceme with the pedicels 
all much shoiiiened or wanting. A 
common Mullein and a Plantain 
(Plantago, Fig. 290) are familiar ex- 
amples. Two modiflcations of the 
spike (or sometimes of the head) gen- 
erally bear distinct names, although 
not distinguishable by exact and con- 
stant characters, viz. : — 

Spadix, a spike or head with a 
fleshy or thickened rhachis. The 
term is almost restricted to the Arum 
family and Palms, and to cases in 
which the inflorescence is accompanied 
by the peculiar bract or bracts called 
a spathe (Pig. 269-271). But the 
two do not always go together: in 
Acorus and Orontium there is properly 
no spathe to the spadix ; while in the 
Iris family the bracts are said to form 
a spathe, and there is no spadix- In Palms, the principal reason 
for naming the inflorescence a spadix is its inclusion in a 
spathe before anthesis. 

TIG 288. A slice of Fig 287, more enlarged, with one tubular perfect flower (a) 1^ 
standing on the receptacle, and subtended by its bract or chaff {h); also onellgulate 
and neutral ray-flower and part of another (c, o): in d, d, the bracts or leaves of tha 
mvolncre are seen in section. 

TIG. 289. Oatkin of White S99. Young spike of Plantago nu^or. 





160 ANTHOTAXY, OR INFLORESCENCE. 

Ament or Catkin. TMs is merel}' that kind of spike with 
scaly bracts borne by the Birch (Fig. 289), Poplar, Willow, and, 
as to one sort of flowers, by the Oak, Walnut, and Hickory, 
which are according!}" called amentaceous trees. Catkins usuall}' 
fail off in one piece, after flowering or fruiting. All true catkins 
are unisexual. 

277. Any of these forms of simple inflorescence ma}- be com- 
pounded. Eacemes may themselves be disposed in racemes, spikes 

in spikes (as in Triticum) , heads 
be aggregated in heads, umbels in 
umbels, corjTnbs may be cor^uu- 
bosely compound, &c. , forming 
compound racemes.^ spikes., umbels., 
and the like, the terminology of 
which is easy. The most usual 
case of truly homomoi*phous com- 
pounding is that of umbels ; the 
Inflorescence of much the larger part of Umbelliferse being in 
compound umbels, as in Fig. 290®. There is then the general 
umbel, the rays of which become peduncles to 
the partial umbels, and the rays of the latter 
are pedicels. Umbella and Umbellulce desig- 
nate in Latin terminology the general and its 
partial umbels. Umbellets (coined by the late 
Dr. Darlington) may well replace the latter 
as the English duninutive. But umbels are 
sometimes racemosely arranged, as in Aiulia 
spinosa, heads may be arranged in spikes, 
and so on. 

278. 'A Panicle, of the simple and normal 
sort (as illustrated m Fig. 291), is produced 
when a raceme becomes irregularly compound 
by some (usually the lower) of its pedicels 
developing into peduncles carrying several 
flowers, or more than one, or branching again 
and again in the same order. But in com- 
pound clusters generally the secondary and 
tertiary ramifications are apt to differ in type 
as well as in particular mode, giving rise to 
heteromorphous or mixed inflorescence. (288.) 
As Linnseus defined the term, and as it has generally been em- 
ployed in botanical descriptions, the panicle is a general term 

FIG. 290® Oompoimd tiiabel of Caraway. 291, A simple panicle. 
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for an}’’ loose and diversel}’ branched cluster, with pedicellate 
flowers. It is therefore difficult to restrict it in practice to the 
indeterminate type. 

^^^79. Varieties of Determinate or Cjmose Inflorescence. The 
plan of this t^’pe has been sufficiently explained. (270.) Its 
simplest condition is that of a solitaiy terminal flower, peduncu- 
late or pedicellate (as in Fig. 282), or sessile. The production 
of more flowers necessitates new axes from beneath, from the 
axils of adjacent leaves or bracts. These, being later, render 
the evolution centrifugal. The simplest flower-cluster (unless 
we call the solitary flower of Fig. 282 a one-flowered cluster) is 
that of Fig. 283, where a secondary floral axis or peduncle has 
developed from the axil of each leaf of the uppeimost pair, or 
where with alternate leaves there is a single uppermost leaf, and 
then only one such peduncle, and thus is pioduced a three- (or 
two-) flowered cymose cluster. The flower of the primary axis 
is marked by its bractless peduncle (therefore a pedicel) ; the 
lateral and secondaiy peduncles are known (commonly or nor- 
mally) by their bracts or bract; the portion below the bmcts 
is proper peduncle ; that above, of single internode, pedicel. 
Bracts, like other leaves, have potential buds in them axils ; these 
in an inflorescence give the third order of ramification, each 
branch tipped with its flower ; and so on. 

280/' The Cyme is the general name of this kind of flower-cluster 
in its various forms. One of these very simple cyTnes, by itself or 
as a part of a larger C3"me, may be called a GymuU. The regular 



cyme usually accompanies opposite or other grades of verticillate 
leaves, but is not rare in the alternate arrangement. It is 
readiest understood in an opposite-leaved plant with regular 
opposite ramification, as in an Arenaria, Fig. 292. By its con- 
stitution, a c}Tne proceeds from simple to compound. It mat- 


FIG. 292. Dichotomous or biparous 
Eiohler) of Arenaria MichauxiL 


cyme (cyme blpare of Bravals, Dlohaslura of 
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ters little whether its deyelopment is progi'essive, the flowers of 
the ultimate ramifications expanding after the earlier have matured 
fruit, and with subtending bracts conspicuous or foliaceous ; or 
whether, as in Elder and Hydrangea (Fig. 293, and in Fig. 
273), the bracts are minute and caducous or abortive, and the 
ramification complete with all the flower-buds well formed belbre 
the oldest expand, so that the whole is in blossom almost at the 
same time. But a cyme may be properly said to be compound 
when the primary axis m it is a peduncle instead of a pedicel, 



283 

and supports a cluster (cyme or cymule) instead of a solitary 
central flower at the main divisions.^ One form of the regular 
cyme, on account of its compactness, is named the 

Glomerule. This is merely a cjinose inflorescence, of any 
sort, which is condensed into the form of a head, or approach- 
ing it. Of this kind is the so-called head of Comiis florida, and 
of the herbaceous C. Canadensis (Fig. 294), which shows the 

^ 1 The dichotomous or two-branched cyme is the commonest, but is some- 
times marked by suppression of internodes; as, for example, whore the 
branches are apparently m fours, in an umbeUiform way ; but these arc* two 
sets of two, with the intemode between the pairs extremely short ; or wliere, 
as in Elder, the branches or rays are five, in tins case consisting of the same 
two pairs and a central one, which is a many-flowered continuation of the 
primary axis Or 6-rayed cymes, &c , may he founded upon alternate leaves 
with shortened mtemodes, the rays or peduncles axillary to them thus 
brought into an apparent whorl. 

Brav^ distinguished cymes as mtdtiparons, with three or more lateral 
axes ; bipawus, with two , and miparous, with only one (cyme multipare, 
bipare, unipare) To these Eichler gives the substantive names, severally, 
<rf PleiochasiuMf DicJiasium, and MmochoAiunu Only the latter needs illustra- 
tion ; the others being as it were compounds of this. 

FIG 283. Compound cyme of Hydrangea; with some neutral and enlarged mar* 
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composition best, on close examination. A condensed but less 
capitate cyme, or cluster of c^^mes, was called by Roeper and 
DeCandolle a Fascicle ; and this terminology has been much 
adopted. It is properl}' enough 
said to be a fascicle, which, as 
used by Linmeus and others, 
means a bundle, or close collection 
of parts, whether leaves, pedun- 
cles, or flowers ; but a fascicle is 
not necessaril}' a cyme (274) , nor is 
there need of a special substantive 
name for a compact c^Tne, which 
may either be simply so called or 
it may p^s into the glomerule. 

281.'wtryoidal forms of Gymose 
Type, or False Racemes, &c. The 
regular cyme seldom continues 
with all its ramifications. In 
Fig. 292, after the second forking, 
one of the two lateral peduncles 
mostly fails to appear, and in some 
parts one of the bracts also ; and ultimately the lateral peduncle 
present is bractless, like the central, therefore equally incapable 
of fhrther ramification, being reduced to a pedicel of a single inter- 
node. This suppression some- 
times begins at the first fork- 
ing or at the very base ; and, 
when followed throughout, it 
reduces a biparous or dichoto- 
mous cyme to one half, and, 
converts this half (when the 
axis straightens) into the sem- 
blance of a raceme if tlie 
flowera are pedicellod, or of a 
spike when they are sessile. 

Fig. 296 is a diagram of such an inflorescence as that of Fig. 292, 
with one lateral branch uniformly suppressed at each division, the 
wanting members indicated by short dotted lines. Oases ejcem- 
plif}ing this occur in portions of the inflorescence of some of our 




FIG 294. Plant of Oomus Oana<lenflIs* flowering stem bearing a clueter of leaves 
above, then continued into a peduncle, and terminated by a glomerule of very small 
flowers, this subtended by a colored and corolla-Uke involucre of four bracts. 1^. One 
of the flowers taken ftom the glomerule enlarged 

PIG 296 UtiiparouH t yme or sympodlal false raceme, witJi opposite leaves or bracts. 
FIG. 297 Form of the same, with alternate leaves or bracts. 
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smaller Hypericums, and notabl}’^ in H. Sarotbra, in which the 
leaves are all reduced to bracts. It is not alwa^’s easy to show 
why this is not a true raceme . But the other bract of the pair, upon 
that supposition, is unaccountably empty : the successive angular 
divergence of each joint of the axis of inflorescence in the j^ounger 
part, which commonly runs into a coil, finds explanation in the view 
that each poi-tionis the lateral branch from the axil of the subtend- 
ing leaf: and occasionally the other axil produces a similar one, 
thus revealing the cjinose character. When the bract from the 
axil of which the missing branch should come disappears also, as 
sometimes it does, and uniformly on the same side, a state of 
things like that of the upper part of Fig. 297 occurs. The same 
figui'e may serve for the arrangement coiTesponding to that of 
Fig. 296, onl}" with alternate leaves. But then, close as the imi- 
tation of a raceme here is, the position of each flower in respect 
to the bract supplies a criterion. While in a true raceme the 
flower stands in the axil of its bract, here it stands on the oppo- 
site side of the axis, or at least is quite away from the axil. 

282ySympodial forms. The explanation is that the axis of 
inflorescence in such cases, continuous as it appears to be, is 
not a simple onej is not a monopode^ but a sympode (110, 116, 
notes), Le, consists of a series of seemingly superposed inter- 
nodes which belong to successive generations of axes : each axis 
bears a pair of leaves (Fig. 296) or a single leaf (Fig. 297) , 
is continued beyond into a peduncle (or pedicel in these 
instances), and is terminated by a flower. From the axil 
promptly springs a new axis or branch, vigorous enough soon 
to throw the adjacent pedicel and flower to one side: this 
bears its leaf or pair of leaves, and is teiminated like its prede- 
cessor with a flower ; and so on indefinitely. The fact that the 
alternate leaves or bracts are thrown more or less strictly to one 
side and the flowers to the other, in Fig. 297, shows that these 
leaves do not belong to one and the same axis ; for alternate 
leaves are never one-ranked or disposed preponderatingly along 
one side of an axis, as in this diagram, and as is seen in the 
inflorescence of a Houseleek, &c. 

283. A further difficulty in the morphology of clusters of this 
class comes from the early abortion or complete suppression of 
bracts. This is not unknown in botiyosc inflorescence, occurring 
in the racemes of almost all Crucifene : it is very common in the 
cymose of all varieties, and especially in the uniparous ones in 
question, which characterize or abound in BoiTaginaccie, Hydro- 
phyUacem, and other natural orders. In some genera or species, 
the bracts are present, or at least the lower ones ; in others, 
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absent ; in some, either occasionally present or wanting in the 
same species or individual. It is only by analogy, therefore, 
and by a comparison of allied plants, that the natuie of some of 
these flower-clusters can be made out. With the botanists of a 
preceding generation, these one-sided clusters were all described 
as racemes or spikes. Botanists still find it convenient to con- 
tinue the use of these names for them in botanical descriptions, 
adding, however, as occasion requires, the qualification that they 
are false racemes or spikes^ or cymose racemes^ and the like ; or 
else, by reversing the phrase, with stricter correctness they call 
them racemiform or spiciform cymes^ &c. 

284. Commonly these false racemes or spikes (or botryoidal 
C 3 "mes, if we so name them) are circinate or im*olled from the 
apex when young, in the manner of a crosier, straightening as 
they come into blossom or fruiting. Likening them to a scorpion 
when coiled, the earlier botanists designated this as scorpiotd. 
As the coil is a helix, it has also been named helicoid^ The 
flowers are then thrown, more or less strictly, to the outer side 
of the coiled rhachis, where there is room for them ; and so these 
false racemes or spikes are secund or unilateral. The particular 
diithotaxy and phyllotaxy of the various sympodial and botryoi- 
dal forms of cymose inflorescence become rather difficult ; and 
the sorts which have been elaborately classified into species 
(and have no little morphological interest) are connected by 
such transitions, and are based on such nice or sometimes theo- 
retical particulars, that the terminology based on them is seldom 
conveniently applicable to descriptive botany, at least as to sub- 
stantive names. 

285. One of the latest and simplest classifications of cymes is 
that of Eichler in his BlUthendiagramme.^ 


1 Scorpioid and Helicoid have been carefully distinguished by later 
morphologists, on account of some difference in the mode of evolution and 
arrangement of the flowers along one side of the rhachis, by wliich they 
become two-ranked in scorpioid, one-ranked in helicoid But practically 
the two kinds of clusters are not always readily discriminated ; and in gen- 
eral terminology a single name, with subordinate qualifying terms, is suffi- 
cient Scorpioid is the older and commoner one, therefore the most proper 
to be used in the generic sense 

^ Cymose type (classified without reference to bracts, which are so often 
wantmg) ; divided into 

a. Lateral axes three or more: Pi*biochasium, the multiparous cym of 
Bravais. 

Lateral axes two • Biohasiitm, the biparous cyme of Bravais. 
y Lateral axis one * Honoohasium, the uniparous cyme of Bravais. 

The latter, or the corresponding divisions of the preceding sorts, may be 
divided as follows : 
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286 . Sundiy complications and obscurities are occasionally 
encountered in anthotaxj' or phjUotaxy, which cannot here be 


* Lateral axes transverse to the relatively main axis. 

1. Lateral axes in successive generations always falling on the same 

side of the relatively mam axis . Schsaubel [screwhke] or Bostkyx 
[ringlet or curl], the umparous helicoid cyme of Bravais 

2. Lateral axes falling alternately on opposite sides of the relatively main 

axis WiczEL or Cincinnus [a curl], the uniparous scorpioid cyme of 
Bravais 


« * Lateral axes medial [m the same plane] relative to the mam axis. 

8. Lateral axes in successive generations always on the back side of the 
axis from which it springs. Paohbl, UniPiniUM [fan] 

4. Lateral axes in successive generations always on the upper side of the 
axis from which it springs Sichel, Drbpanium [sickle]. 

The subjoined simple diagrams from Eicliler (Pig 298-308) illustrate 
these forms The ramification is given without the bracts, which tlieoreti- 
cally or actually subtend the axes of each generation. The student may add 
them, and so more readily apprehend the characters. 

Bichler recognizes the forms with median (antero-posterior) position of 




axes in Monocotyledons only. 
It is natural to distichous phyl- 
lotaxy, and it accords with 
the general rule that, in mono- 
cotyledonous plants, the first 
leaf of the branch, or the com- 
monly solitary bractlet of the 
peduncle, stands over agamst 
and facing the bract or leaf 
from the axil of which said 


branch or peduncle springs, i. s. is posterior and next the parent axis, as 
shown in the diagram, Pig. 304, 306. 


aa 300 504 



a V a/ l> 


PIG 298 Diagram of the 299. Diagram of the Boetryx The flower- 

axes numbered In succession. 

ITG. 300 Diagram of the 302. Ghround plan, indicating the order of 

evolution of the flowers. 

FIG. 301 Diagram of the Drepanwm, 303. Qronnd plan, the flowers evolved in 
succession, from left to right. 

MG. 304 Diagram showing the position of bractlet or first leaf on a branch In 
Monocotyledons; a is the primary, €/ the secondary axis; h is bract, and hf bractlet. 
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explained, except through full details : such as flowers standing 
by the side of a leaf, or a small leaf by the side of a larger one, 


The transverse or oblique position of secondary axes or peduncles, as in 
Eichler*s first two species, brings the flowers of the false raceme or spike 
out of hne of the sympodial axis and bracts, neither in the axils, as in true 
racemes, nor opposite them, as in the Rhipidium and Drepanium, but on one 
side of this plane or the other This is most common m Dicotyledons (in 
Drosera, Sedum, Sempervivum, and Hyoscyamus, m Borraginacese and 
Hydrophyllaceae, &c.), and is not rare in Monocotyledons, especially with 
tristichous phyllotaxy, as in Tradescantia In the Bostryx, Fig 299, the 
bractlet is anterior or falls on the same side as the bract, or, in other terms, 
the successive bracts are all on one side, the inner side, of the helix , and the 
Drepanium (Fig 301) is like it this is the helicoid cyme of Bravais, &c., 
and Its flowers are commonly one-ranked In the Cmcinnus or true scorpioid 
cyme (Fig 298), and equally in the Rhipidium (Fig. 300), the bracts fall 
alternately on opposite or different sides of the sympodial rhachis, because 
the single bract (6') of each successive secondary axis (a') stands next the 
axis (a) and over against the bract (6) of the generation precedmg. The 
flowers in these generally fall into two parallel ranks (conspicuously so 
when crowded) on the upper side of the rhachis, on which, in the cindnnus 
or true scorpioid cluster, they are usually sessile or nearly so (or spicate), 
as is well seen in Heliotropes, and in very many Borraginaceous and Hydro- 
phyllaceous species, in Houseleek, Tradescantia erecta, &c. This comes 
through antidromy, that is, the phyllotaxy of 
each successive axis of the sympodo (with its 
one bract, or by suppression without it) changes 
direction, from right to lett and from left to 
right alternately Fig. 301 is a plan of this 
two-ranked unilateral arrangement When not 
too crowded, both Cincinnus and Rhipidium 
are apt to have a rigzag rhachis 

These two last-mentioned kinds are so gen- 
erally alike in character, as are equally the 
Bostryx and the Drepanium, that the four spe- 
cies may as well be reduced to two As these 
severally include the scorpioid and the helicoid 
uniparous cymes of modem anthotaxy, these 
terms may be retained to designate them. Or, 
if other terms in use be preferred to scorpwid 
and helicoid, the form with two-ranked flowers 
may be denominated Cmcmnal, that with single- ^ 

ranked Bosti ychoidaL But in neither type is the rhachis always coiled 
up, although commonly more or less so in the undeveloped state. 

While these forms generally imitate racemes or spikes, it will be noted 
that Fig. 300 specially imitates a corymb in form and in seeming acroxietal 
or centripetal evolution. And when, as in this figure, the bracts are all 
absent, no obvious external difiPerence remains. 

FIG 305<*. Ground plan (from Elchler’s Biathendiagramme, i. 38) of the scorpioid 
^florescence of Tradescantia erecta, between bract (B) below and axis (e») above; 
I., n.. III., &c , the successive flowers; is the bractlet of the first and bract the 
second flower, and so the others in succession up to !»» an<l a snndl undevelop^ one 
beyond The figure 1 sfSxed to eadi flower Indicates the first floral leaf. 


«o 
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or a pedicel or peduncle above and out of connection with the 
leaf which should subtend and accompany it.^ 

287.^ixed Inflorescence is not imcommon. This name is 
given to clusters or ramifications in which the two tj’pes are con- 
joined. Being heteromorphous, they are almost necessarily com- 
pound, the two t^’pes belonging to different orders of ramification. 
But under it may be included cases of comparatively simple 
inflorescence, at least in the beginning, some of which nearly 
fuse the two types into one. In the Teasel (Dipsacus) , an appai*- 
ently simple head or short spike comes first into flower at the 
middle, from which the flowering proceeds regularly to the base. 
Had it begun at the top, it would answer to Fig. 281, which, 
blossoming from above downwai^d b}^ simple uniflorous lateral 
axes along a monopodial primary' axis, is a simple racemiform 
cyme, while it may also be called a reversed or determinate raceme. 
Something of this sort may be seen in certain species of Cam- 
panula, with virgate inflorescence, the terminal blossom earliest, 
the others followmg irregularl}”, or partly downward and partly 
upward. In C. rapunculoides, when rather depauperate and 
die inflorescence simple, the evolution is that of a true raceme, 
except that a flower at length terminates the axis and develops 
earlier than the upper half of the raceme. In Liatris spicata 
and its near relatives, the heads, on the vii'gate general axis, 
come into flower in an almost regular descending order, or are 
reversely spicate. If in Fig. 281 the lower pedicels were prolonged 
to the level of the upper, a simple corymbiform cyme would be 
seen, with simple centrifugal evolution, that is, regularly from 
the centre to the margin ; this is the counterpart of the rhipidium 
or fan-shaped cyme, of Fig. 300, in which the evolution of the 
blossoms is as regularly centripetal. The explanation of the 
paradox is not far to seek. 


1 The position of a pedicel at the side of a bract in false racemes is ex- 
plained in the foregoing note It may occur in true racemose inflorescence 
by the reduction of sessile secondary racemes down to an umbel of two 
flowers, transverse to the bract (as in many species of Desmodium), and 
thus seemingly lateral to it, or to a single flower on the right or left of it. 
The coalescence of a pedicel to the axis for a considerable height above the 
subtending bract m a simple inflorescence, or above the last leaf in a 
sympodial one (concaulescence of Schimper), is common. So hkewise bracts 
or leaves may be for a good distance adnate to sympodial shoots, whether 
X>eduncles or leafy flowerless branches. This (named recaulescence by 
Schimper) is of most frequent occurrence in Solanaceae (in Datura, Atropa, 
most species of Solanum, &c.), and is the explanation of their so-called 
geminate leaves, where a large leaf (really belonging lower down) has a 
smaU leaf by the side of it. See Wydler in Bot. Zeit. ii. 689, &c., Sendtner 
in El Bras. x. 188, and Eichler, Bliithend. i. 199. 
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288. Compound mixed inflorescence is very vaiious and com- 
mon ; but the combinations have hardly called for special terms, 
being usually disposed of by a separate mention of the genera! 
and of the partial anthotaxy, or that of the main axis of inflo- 
rescence and that of its ensuing ramification.^ In Compositse, 
for instance, the flowers are alw^ays in true heads, of centripetal 
evolution. The heads terminate main stems as well as lateral 
branches, so that they are centrifugally or cjmoselj^ disposed. 
The reverse occurs in all Labiate and most Scrophulanacese, 
where the flowers, when clustered, are in c}mes, but these c^mes 
are from axils, and develop in centripetal order. It is this 
arrangement which mainly characterizes the 

Thyrsus. A compound inflorescence of more or less elongated 
shape, with the primary ramification centripetal or botryose, the 
secondary or the ultimate centrifugal or cymose. To the defini- 
tion is generally added, that the middle primary branches ai'e 
longer than the upper and lower, rendering the whole cluster 
narrower at top and bottom, and sometimes that it is compact ? 
but these particulars belong only to typical examples, such as 
the inflorescence of Lilaq and Horsechestnut. In the foimer, the 
thyraus is usually comi iund. A loose thyrsus is a 

Mixed Panicle. seldom that a repeatedly branching 

inflorescence of the l3EicLlate mode is of one in all its 
successive ramiflcati^. ifither the primarily centiipetal will 
become centiifugaLjftthe ummate divisions, or the primarily 
centrifugal will botryose 

forms, into apparai|^qemose or spicate subdivisions. So that 
the name Panicle m^K^nology is generally applied to all such 
mixed compound Mmresdenoe, as well as to the homogeneously 
botryose. (278.) * 

VERTiciLLASTEiafl^ja name given to a pair of opposite and 
sessile or somewKsrc sessile cymes of a thyTsus or thyTsiform 
inflorescence, which, when ftill, seem to make a kind of verticil or 
whorl around the stem, as in veiy many Labiates. The name 
was originally given to each one of the pair of cymes ; but it is 
better and more commonly used to denote the whole glomerule 
or false whorl produced by the seeming confluence of the two 
clusters into one which surrounds the stem. 


1 Guillaud (in his memoir on Inflorescence, published in Bull. Soc. Bot 
!France, iv.) proposes to designate as Cymo-Botryes the mixed inflorescence 
composed of cymes developed in botoryose order, i.e. the thyrsus; and 
Betry-Cymes, the reverse case of racemes, &c., cymosely aggregated. For 
the former, the old name thyrsus serves appropriately and well. 
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289y^e Belations of Bract, Bractlet, and Flower should here 
be noticed, altliough the subject in part belongs rather to the 
section on Floral lS 3 ’mmeti’y. (315.) 

290o4uterior and Posterior, otherwise called Inferior and 
Superior^ and therefore Lower and Upper ^ are piimaiy relations 
of position of an axillaiy flower witli respect to subtending bmct 
and the axis to which the bract pertains. The flower is placed 
between the two. The portion of the flower which faces the 
subtending bract is the anterior^ likewise called inferior or lower. 

The opposite portion which faces the axis of 
inflorescence is the posterior^ or superior^ or 
upper. The right and left sides are lateral. 
(Fig. 804, 306.) These relations do not 
V, appear in a solitaiy flower teminating a 
/ simple stem ; but when such an axis produces 
axillarj^ branches with a teiminal flow-er, the 
relation of this flower to the preceding axis 
and its leaf is manifest, just as in indetermi- 
nate inflorescence. 

291/ Med ia n and Transrerse. The position of parts which lie 
in antero-posterior line, or between bract and axis, is median. 
Thus, in Fig. 304 and 305, the parts are all in the median plane : 
in Fig. 806, the bractlets, 5', 5', are lateral ox collateral^ or (being 
in th^pposite plane) transverse. 

292. Position of Bractlets. The rule has ah'eady been laid 
down (285) that the first leaf of an alternate-leaved secondary 
axis is in Monoct^dedons usua% median and posterior, that is, 
farthest away from the subtending leaf (as in Fig. 304, 805) ; 
in Dicotyledons, lateral or transverse. When these secondarj" 
axes are one-flowered peduncles or pedicels, the leaf or leaves 
(if any) they bear are bractlets.^ Commonly there is only this 

I Not (with propriety, although the terms have been so used) exteiiar or 
outer for the anterior, and intenot or inner for the posterior position These 
terms should be reserved for the relative position on the axis of successive 
circles or parts of circles, spirals, &c. Covering or overlapping parts sre 
exterior or outer in respect to those overlapped. 

^ Latin Bmctedce: not that they are small bracts, but bracts of an ulti- 
mate axis. In axillary inflorescence, the distinction between bractlet and 
bract is obvious, in case of a solitary terminal flower, there is no ground of 
difference : m terminal or cyraose inflorescence, the difference is arbitraiy ; 
but we may restrict the terra bractlet to the last bract or pair 

German botanists mostly distinguish between bracts, as a leaf subtending 
a flower or cluster, and bractlets, by terming the former a DechUatt, and the 

ITG. 306 Diagram (cross section) of papilionaceous flower and its relation to 
ia), bract (6), and i>rat‘tlets (&/, 60 
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posterior one to a simple axis in Monocotj'ledons, and two 
transverse ones in Dicotyledons, i. e. one to the right and the 
other to the left of the subtending bract, Fig. 306, When 

the latter form a pair, they are perhaps always truly transverse ; 
when alternate, they stand more or less on the opposite sides and 
transverse. When more than one in Monocotyledons, they may 
become either median or transverse, or even intermediate. The 
relation of bractlets or bract, that is, of the last leaves of inflo- 
rescence, to the first of the blossom, might be considered either 
under Phyllotaxy or under Floral Symmetry. In general, it 
may be noted that successive members stand over the widest 
intervals ; ^ in other words, that the first leaf of the flower is as 
far away as may be from the highest bractlet. For instance, 
when there is a single and posterior bractlet, as is common in 
Monocotyledons, the first leaf of the flower is anterior, the 
next two light and left at 120®. When there is a single and 
lateral bractlet and five leaves in the first circle of the flower 
(which occurs only in Dicotjiedons) , the first leaf of this circle 
is either exactly on the opposite side from the bract, or at a 
divergence of two fifths, the latter falling into the continuous 
spiral. When with a pair of bractlets, right and left, the first 
flower-leaf is at divergence from one (the uppermost) of them 
when the circle is of thi'ee, or at f when of five members, or near 
it ; but with many exceptions.^ 

A tabular view of the kinds of inflorescence and their termi- 
nology, serving as a key, may aid the student.® 


latter, being the leaves which the new axis first bears, Vorhlbtter, which is 
also the name they apply to primordial leaves in germination. 

1 In accordance with HofmeisteFs law ; but (as Eichler remarks) not to 
be explained on his roeclianical principle of production in tliis place because 
of the greater room : for the position of tlie first member of an axillary 
fiower is mostly the same as regards the subtending bract when the bractlets 
are wanting. 

2 Wlien bractlets are wanting, the leaves of the first floral circle if two 
are right and left ; if three, two lateral-posterior and one anterior ; when 
five, the odd one commonly in the median line, either anterior or posterior. 


« rSTFLORESCENCE is either Pure, all of one type, or Mixed, of the two types 
combined The Types are . 

I. Mam axis not arrested and terminated by a fiower. Indeterminate^ Ind^~ 
nite, Aco^qpetal or Ascendmf/^ Centripetal^ or Boteyosb. 
n. Mam and lateral axes arrested and tenninatied by a flower. Desterminate^ 
Definite^ Descending^ Centrijksgal^ or Oymosx. 
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L BOTRTOSE TYPE. 

L Simple, Tnth lateral axes unbranched and terminated by a single flower, and 
Flowers on pedicels, 

Of somewhat equal length on a compai atively elongated axis, Racems 
The lower ones longer than the upper, and main axis short, . Corymb 
Of nearly equal length on an undeveloped mam axis, . . Umbel. 


Flowers sessile on a very short mam axis, Head. 

Flowers sessile on a compai atively elongated mam axis, . . , Spike. 

A fleshy spike or head is a Spadix. 

A scaly-bracted spike is an Ament or 


Catkin. 

2. Compound, with lateial axes branched once or more, bearing clusteis mstead of 
single floweis. 

Irregularly racemosely or corymbosely compound, . . Paniole. 
Homogeneously and regularly compound, as 

Racemes m a laceme, . Compound Raceme. 

Corymbs corjTnbose, Compound Corymb. 

Umbels in an umbel, Compound Umbel. 

Spikes spicate, . Compound Spike. 

Homogeneously compound, the secondary ramification 
unlike the primary, as Heads racemose. Umbels tpUced, 

Spikes pamcled, &c. 


II. CTMOSE TYPE. 

L Simple, with terminal axis of each generation one-flowered. 

M(mopod%al, the axis of each generation evidently re- 
solved mto branches, True Cyme. 

These more than two, Pleiochasium or Multiparous Cyme. 

These only two, . . . or Biparous Cyme 

Spmpodial, the apparently simple axis continued by 
a succession of new axes standing end to end, 

Mcmockmum, False Raceme oi Spike, Boti'yose or Uniparous Cyme. 
Flowers one-ranked on one side of rhachis. Helicoid Uniparous Cyme. 
Flowers two-ranked on one side of rhachis, Sgorpioid Uniparous Cyme. 
2. Compomd, with terminal axes for one or more earlier 
generations bearmg a cyme instead of a single 
flower, Various sorts of Compound Cyme. 

HI. MIXED lOTLORESCEKCE 

1. AnomobUm simple, with unbranched one-flowered lateral 

axes (287), such as . . . Partly reversed Spikes or Racemes. 

2. Compound, of various combinations, of which there are 

names for the subjoined : — 

Primary inflorescence botryose, with axis elongating; 

secondary cymose, Thyrsus. 

Pair of such opposite cymes seemingly confluent round 

the main axis, Vertioillaster. 

Panicle with some of the ranuflcations oymose, . . . Mixed Panicle. 
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CHAPTER VI. 

THE FLOWBE. 

Section I. Its Nature, Parts, and Metamorpht. 

293. Flower-buds are homologous with (morphologically an- 
swering to) leaf-buds, andthe^" occupy the same positions. (266.) 
A Flower is a simple axis or a teiminal portion of one, in a 
phsenogamous plant, with its leaves developed in special forms, 
and subservient to sexual reproduction instead of vegetation. 

294. In passing from vegetation to reproduction, it is not 
always easy to determine exactly where the flower begins. The 
same axis which bears a flower or floral organs at summit bears 
vegetative leaves or foliage below. Or when it does not, as 
when an axillary flower-stalk or pedicel is bractless, the change 
to actual organs of reproduction is seldom abrupt. Usually 
there are floral envelopes, within and under the protection of 
which in the bud the essential organs of the flower are formed. 
Some or all of these protecting parts, in very many flowers, are 
either obvious leaves or sufficiently foliaceous to suggest their 
leafy nature ; and even when the texture is delicate, and other 
colors take the place of the sober green of vegetation, they are 
still popularly said to be the leaves of the blossom. These pro- 
tecting and often showy parts, though not themselves directly 
subservient to reproduction, have always been accounted as 
parts of the flower.^ Between the lowest or outermost of these 
and the bractlets and bracts there are various and sometimes 
complete gradations. The axis itself occasionally undei^oes 
changes in such a way as to render the determination of the 
actual beginning of the flower somewhat arbitrary. Moreover, 
the flower itself is extremely various in diffei’ent plants, in some 
consisting of a great number of pieces, in others of few or only 
one; in some the constituent pieces are separate, in others 
combined. The flower is best understood, therefore, b}^ taking 
some particular specimen or class of flowers as a representative 


1 Indeed, the colored leaves, or envelopes in whatever form, essentially 
were the flower in most of the ante-Linnssan definitions (that of Ltidwig 
excepted), as they are still mainly so in popular apprehension. 
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or pattern, and especially some one which is both complete and 
morphologically simple. 

295. Such a flower consists of two kinds of organs, viz. the 
Protecting Organs, leaves of the blossom, or floral envelopes, 
which, when of two sets, are Calyx and Corolla; and the 
Essential Eeproductive Organs, which co-operate in the production 
of seed, the Stamens and Pistils. 

296. Floral Envelopes, Perianth, or Perigone, the floral leaves 
or coverings. The former is a proper English designation of 
these parts, taken collectively. But in descriptive botany, 
where a single word is preferable, sometimes the name perianth 
(Lat. perianthiwm) , sometimes that of perigone (or perigonium ) , 
is used. PeriantJiium^ a Linnsean term, has been objected to, 
because it etymologically denotes something around the flower ; 
but it seems not inappropriate for the envelopes which surround 

the essential part of the flower. Perigonium^ 
a later term, has the advantage of meaning 
something around the reproductive organs, 
which is precisely what it is. Neither name 
is much used, except where the perianth or 
perigone is simple or in one set (when it is 
almost always cal}^:) , or where it is of two 






circles having the gen- 
eral appearance of one 
and needing descrip- 
tive treatment as such, 
asdn the petaloideous 
Monocotyledons. It is 
also used where the 
morphology is ambigu- 


ous. Generally, the floral envelopes are treated distinctively as 


calyx and corolla, one or the other of which (mostly the corolla) 
may be wanting. 


297. The Calyx is the outer set of floral envelopes. That is 
its only definition. Commonly it is more herbaceous or foliaceous 
than the corolla, and more persistent, yet sometimes, a# in the 
Poppy family, it is the more deciduous of the two. Not rarely it 


1 Linnaaus (and about the same time Ludwig) used it in the sense of a 
proper calyx, yet with some vagueness. Mirbel and Brown established it 
in the sense of the collective floral covering. DeCandolle revived Ehrhart's 

BTG. 857. The complete flower of a Grassula. 308. Diagram of its cross-sectloni in 
the bud, showing the relative position of its parts The hve pieces of the exterior 
circle are sections of the sepals, the next, of the petals; the third, of the stamens 
through their anthers, the innermost, of the fire pistils. 

PIG. 309 Asepal; 810, a petal; 8U, a stamen; and 312, a plstU ftom the flower 
represented In Pig. 307. 
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is as highly colored. A name being wanted for the individual 
leaves which make up the calyx, analogous to that for corolla- 
leaves, DeCandolle adopted Neeker’s coinage of the word sepal. 
Calyx-leaves are Sepals. 

298. The Corolla is the inner set of floral envelopes, usually (but 
not alwa 3 ’'s) of delicate texture and other than green color, fonn- 
ing therefore the most showy part of the blossom. Its several 
leaves are the Petals.^ 

299. The floral envelopes are for the protection of the organs 
within, in the bud or sometimes afterward. Also, some of them, 
by their bright colors, their fragrance, and their saccharine or 
other secretions, serve for allurement of insects to the blossom, to 
mutual advantage. (504.) This furnishes a reason for neutral 
flowers, those devoid of essential organs, which sometimes 
occur along with less conspicuous perfect ones. ‘‘ The leaves of 
the flower ” are therefore indirectly subservient to reproduction. 

300. The essential organs, being commonly plui'al 
in number, sometimes need a collective name. Where- 
fore, the aggregate stamens of a flower have been 
called the Andrcecium ; the pistils, the Gtn<ecium.^ 

301. The Stamens® are the male or fertilizing 
organs of a flower. A complete stamen (Fig. 311, 

313) consists of Filament (/), the stalk or support, 
and Anther (a), a double sac or body of two cells, 
side by side, filled with a powdery substance, Pollen, which is 
at length discharged, usually through a slit or cleft of each cell. 



well-formed name of perigonium, and in the sense here given. But later (in 
the Organographie) he proposed to restrict it to cases in which the part is 
of ambiguous nature, as in Monocotyledons. The earlier definition is no 
doubt the proper one ; hut the occasions for using the term in descriptive 
botany are mainly where the nature may seem to be ambiguous or con- 
fused, or where, from the union or close similarity of outer and inner circles, 
it is most convenient to treat the parts as forming one organ. 

1 Pahius Columna, at the close of the sixteenth century, appears to have 
introduced this term, or, as Toumefort declares, “primus omnmm qiiod 
sciam Petali vocem proprie usurpavit, ut folia florum a foliis proprie dictis 
distingueret.” 

2 The male household and the female household respectively, terms in- 
troduced by Keeper (Linnsea,!. 487), in the form of andrceceum&jxdigynmceum; 
hut the diphthong in the latter should also he os. The orthography 
andrcecium and gynneexum (early adopted by Bentham, in Labiatarum Oea et , 
Spec.) is conformable to the Linnsean Mcnoecia, IHceoa, <fcc. 

» The name (from the Greek and Latin name of the warp of the ? 

upright loom, and thence used in the sease of threads) was applied, 
to Tournefort and later, to the filaments ; and the anthers were 

PIG. 818. Stamen, composed of/, filament, and a, anihei^ wjth cells 
laterally and dieohar^ng pollen. ^ ' i 
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302. The Pistils, one or more to the flower, are the female or 
seed-beanng organs.^ A complete pistil is distinguished into 
c three parts : the Ovary (Lat. 

Ovanum^ Fig. 314, a, shown in. verti- 
6 cal section, and Fig. 315, b}" Linnseus 
named GermeiC)^ the hollow poiHon 
^ at the base which contains the 
Ovules, or bodies destined to be- 
come seeds ; the Style (5), or colum- 
nar prolongation of the apex of the 
ovary ; and the Stigma (c), a portion 
of the surface of the style denuded of epidennis, 
sometimes a mere point or a small knob at the 
apex of the style, but often forming a single or 
double line running down a part of its inner face, 
and assuming a great diversity of appearance in 
different plants. The ovary and the stigma are the 
essential parts. The style (as also the filament of a 
stamen) may be altogether wanting. 





apices. It came in time to be used as now for the whole organ ; but Lud- 
wig (Inst. Reg. Veg ), in 1742, apparently first so defined it, and introduced 
the term Anther for the Apex of Ray, or Theca of Grew 

1 Following Linnseus, this term is here freely used in the plural, and for 
each actual separate member of the gyncecium, each organ which has an 
ovary, stigma, and commonly a style. Toumefort, who appears to have 
introduced the word, employed It in the sense of gyncecium. Many authors 
define it thus, and then practically eliminate from botany this, one of the 
oldest of its terms, and one by no means superfluous. The typical pistillum 
of Toumefort is that of the Crown Imperial (Inst. i. 69, & tab. 1) and the 
name is from the likeness to a pestle in a mortar As it soon became im- 
possible to apply the same name to the pistil of a Fritillaria or of a Plum, 
the cluster of such organs in Caltha, and the capitate cluster and receptacle 
of such organs in a Ranunculus or Anemone, Linnseus, and Ludwig before 
him, took the idea of Toumefort^s name, and used it accordingly. 

** Pistillum est pars interior et media floris, quse ex ovario et stylo com- 
pomtur. . , Ovarium est para pistilli inferior, quae futuri fructus delinea- 

tionem sistit . . Stylus est pars pistilli ex ovario centro produ(‘ta. . . 

Summitas styli vel ejus partium Sttqma dicitur.” Ludwig, Inst. Reg Veg 
41-48, 1742. Without mentioning the plural, the pistil is thus deflned in a 
way which necessitates its use. Linnaeus (in Phil. Bot ) first defines Stamen 
and Pistillum m the singular number, enumerating the three parts of the 
latter, and afterwards (p. 67) declares that “Pistilla diflerunt quoad 

PIG, 314 Vertical section of a pistil, showing the interior of its ovary, a, to one 
side of which are attached numerons ovnles, d • above is the style, &, tipped by the 
stigma, c. 

PIG 815 A pistil of Orassnla, like that of Pig, $12, but more magnified, and cut 
across through the^ ovary, to show its cell, and the ovules it contain s; also pulled open 
below at the suture. At the summit of the style Is seen a somewhat papillose portion, 
destitute of cindermis, extending a little way down the innei face this Is the stigma. 
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303. The Torus, or Receptacle of the flower, also named 
Thalamus,^ is the axis which bears all the other parts, that 
upon which they are all d c 

(mediately or immediately ) . 
inserted. These are all ho-' 
mologous with leaves. This 
is extremity of stem, or 
floral axis, out of which the 
organs described grow, in 
succession, like leaves on 
the stem; the calyx from 
the very base, the petals 
next within or above the calyx, then the stamens, finally the 
pistils, winch, whether several or only one, terminate or seem to 
tenninate the axis. (Fig. 31G.) 

804. Metamorphosis. If flower-buds are homologous with 
leaf-buds, and the parts of the flower therefore answer to leaves 
modified to special functions (293) , then the kind of flower here 
€mplo 3 "ed in explaining and naming these parts is a proper 
pattern blossom. For the organs are all separate pieces, 
an'anged on the receptacle as leaves ai*e on the stem, the outer- 
most manifestly leal-like, the next equally so in shape, though 
not in color, the stamens indeed have no such outward resem- 
blance, but the ripe pistils open down the inner angle and 
flatten out into a leaf-like form. The adopted theory supposes 
that stamens and pistils, as well as sepals and petals, arehomolo- 


numerum,” etc , and so elsewhere, besides founding his orders on the num- 
ber of pistils. Among even French authors, Mirbel (18X6) writes, “Le 
nombre des pistils n’est pas Ic mfime dans toutes les espbces,” &c. Moqum- 
Tandon freely refers to pistils in the plural, and Aug St. Hilaire takes 
wholly the view here adopted, distinguishing the solitary pistil into simple 
and compound. DeCandolle, in Tlriorie feMmentaire, third edition, writes, 
“ Chaque carpel est un petit t^t, un pistil entier, compost d*un ovaire, d*un 
style, et d'un stigmatc,'* Of IfehgUsh authors, no other need be cited than 
Robert Brown. The terms in question, then, are : — 

(hjnoicium, the female system of a flower, taken as a whole, 

Phtd, each separate member of the gyncecium; this either simple or 
compound 

Ovary, the ovuliferous portion of a pistil. Substituting a part for the 
whole, this term is often used when the whole pistil is meant. 

Carpel, or Carptd, or CarpopUyll, each pistil-leaf ; whether distinct as in 
simple or apocarpous pistils, or in combination of two or more to form a com- 
pound or syncarpous pistil 

1 By Toumefort, and adopted by Ludwig, JReceptaculum jfleris, Linmeus. 
Thotus, Salisbury. Tams (the proper form), DeCandolle. 

FIG. 316 Parts of the flower of a Stoneerop, Sedum teniatuxn, two of eacSs 
and the receptacle, displayed: a, sepal; b, petal; o, stamen; pistil. ‘ 
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gons with leaves ; that the sepals are comparatively little, the 
petals more, and the reproductive organs much modified from the 
type, that is fi’om the leaf of vegetation. This is simply what 
is meant by the proposition that all these organs are transfonned 
or metamorphosed leaves. What would have been leaves, if 
the development had gone on as a vegetative branch, have in 
the blossom developed in other forms, adapted to other func- 
tions. Linnaeus expressed this idea, along with other more 
speculative conceptions, dimly apprehended, by the phrase Vege- 
table Metamorphosis. Not long afterwards, this fecund idea 
of a common type, the leaf, of which the parts of the flower, 
&c., were regaided as modifications, was more clearly and differ- 
ently developed by a philosophical physiologist, Caspar Frederic 
Wolff. Thirty j^ears later, it was again and wholly independ- 
ently developed by Goethe, in a long-neglected but now weU- 
known essay, on the Metamorphosis of Plants. Twent3"-three 
years afterwards, similar ideas were again independently pro- 
pounded by DeCandolle, from a ditferent theoretical point of 
view ; and finally the investigation of phyllotaxy has completed 
the evidence of the morphological unity of foliaceous and fioral 
ojgans.^ 


^ The contribution of Linnaeus is on p. 301 of the Philosophia Botanica^ 
1761 ; and all that is pertinent is in the following propositions . — 

Plumulam seminis ssepius tenninat aut flos aut gemma. 

Principium florum et foliorum idem est. 

Pnncipium gemmarum et foliorum idem est. 

Qemma constat foliorum rudunentis. 

Perianthium sit ex connatis foliorutn rudimentis. 

His dissertation, Prolepsis Plantarum, in Amoen. Acad, vi (1760), added 
nothing but obscure speculations to the former comparatively clear 
statements. 

Kaspar Friedrich Wolff's contribution is in his Theoria Generationis, 
mainly concerning animals, published in 1759, and an enlarged and amended 
edition in 1774. He first clearly conceives the plant as formed of two ele- 
ments, stem and leaf, but develops only the morphology of the latter, and 
imder the hypothesis that leaves of vegetation become bud-scales or floral 
organs, as the case may be, through degenerescence or diminution of vege- 
tative force, which is renewed in the bud or in the seed. 

Johann Wolfgang Gothe's Versuch die Metamorphose der Pflanzen 2 m 
erklSren was published in 1790, in 86 pages. For the translations and 
rejproductions, see Pritzel, Thesaurus. To the French translation by Soret, 
with German text accompanying (Stuttgart, 1831), and also to tliat of Ch. 
Martens (OEuv. Hist. Nat de Goethe, Paris, 1837), are joined the author's mtep- 
esting notes and anecdotes of later periods, down to 1831. The degenerescence 
by diminution of vegetative force with renewals by generation, propounded 
by Wolff, in Groethe's essay takes the form of successive expansion and con- 
traction of organs. 

A. P. DeCandoUe's Thdorie fe^entaire de Botanique appeared in 1818> 



ITS MBTAMORPHY. 


169 


805. It Vill be understood that metamorphosis^ as applied to 
leaves and the like, is a figurative expression, adding nothing to 
our knowledge nor to clearness of expression, but rather liable 
to mislead. The substance of the doctrine is unity of type. Its 
proof and its value lie in the satisfactor}^ explanation of the facts, 
all of which it co-ordinates readily into a consistent and simple 
system. As applied to the flower, two kinds of evidence may 
be adduced, one from the normal^ the other from teratological 
conditions of blossoms. The principal evidence of the first class 
is that supplied by 

306. Position and Transitions. As illustrated in the preced- 
ing chapter, the flower occupies the place of an ordinaiy bud or 
leaf-bud. Also the parts of the flower are arranged on the 
receptacle as leaves are an*anged on the stem, i, e, they conform 
to phyllotaxy, as well in passing from leaves and bracts to the 
perianth, as in the position of the floral organs in respect to each 
other. This is partly shown in the preceding chapters, and 
is to be further illustrated. Sepals, petals, stamens, and 
pistils are either in whorls or in spirals, and have nothing 
in their arrangements as to position which is not pai'alleled in 
the foliage. 

307. The evidence from transitions has to be gathered from a 
great variety of plants. Veiy commonly the change is abrupt 
from foliage to bracts, from bracts to calyx-leaves, from these to 
corolla-leaves, and from these to stamens. But instances abound 
in which every one of the intervals is bridged by fransitions or 


a second edition 1819 , a third (revised hy Alphonse DeCandolle), in 1844, 
is posthumous. The Organographie Vdgdtale, in which the morphology of 
the earher work is developed, appeared in 1827. The leading idea is that 
of symmetry, of organs symmetrically disposed around an axis (the 
homology of foliar and floral organs not at first apprehended), but this 
symmetry disguised or deranged more or less by unions (soldenngs) of 
homogeneous or heterogeneous parts, by irregularities or inequalities of 
growth, by abortions, &c. 

The reason why the organs in question have a normal symmetrical dis- 
position on the vegetative and floral axes was not reached by DeCandolle, 
nor was it perceived that the arrangement of leaves and of floral organs was 
identical. All this was the contribution of phyllotaxy, — a subject which 
was approached by Bonnet (an associate of DeCandolle's father), and first 
investigated by the late E^l Schimper and Alexander Braun, beginning 
about the year 1829. 

It is interesting to know that Wolff's work was wholly unknown to 
Goethe in 1790, and that both Wolff's and Goethe's were unknown to DeCan- 
dolle until after the publication of the second edition of the latter's Theorie 
Bldmentaire, in 1819. When the Organographie appeared, the essay of Goethe 
had come to light; and contemporary contributions to floral morpholep by 
Petit-Thouars, R. Brown, Dunal, and Keeper, were adding their influence. 
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intermediate forms. The gradual transition from ordinary foli- 
age to bracts and bractlets is exceedingly common. In color 

and texture it is not rare to 
meet with bracts which vie 
with, or indeed surpass, pet- 
als themselves in delicacy and 
brightness ; and in such cases 
they assume a principal office 
of flower-leaves, that of con- 
spicuous show for attraction. 
Scarlet Sage, Painted-Cup 
(Castilleia) , and the Poin- 
settia, with other Euphorbias 
of the conservatories, are ex- 
amples of this . In the flowers 
of Barberry, it is by a nearly 
ai’bitraiy selection that bractlets are distinguished from sepals ; 
in Calycanthus, in many kinds of Cactus, and in Nelumbium, 

the same is true 
as to bractlets, se- 
pals, and petals ; in 
Water-Lily (Nym- 
phaea, Fig. 318), 
there is a gradual 
transition from the 
sepals through the 
petals to stamens; 
in Lilies and most 
lily-like flowers, se- 
pals are as brightly 
colored as petals, 
and commonly more 
or less combined 
with them. When 

the perianth-leaves are of only one set, it is not at all by color or 
texture that this perianth can be assigned to calyx or to corolla. 
Normal transitions from a stamen to a pistil could not, in the 
nature of the case, be expected. 

808. Teratologic^ Transitioiis and Changes* Teratology is 
the study of monstrosities. These in the vegetable kingdom 


TIG. 317. Oactus-flower (Mamillaria osdsjdtosa), ^ih bractlets, sepals, and petals 
passing into each other. 

TIG 318. Senes exhibiting traxu^tlontroza sepals to stamens in Nymphseaodorata. 
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often elucidate the nature of oi^ans.i The commonest of these 
changes belong to what was termed by Goethe retrograde meta- 
morphosis ; that is, to reversion from a higher to a lower form, as of 
an organ proper to the summit or centre of the floral axis into one 
which belongs lower down.® The most familiar of all such cases 
is that of the so-called double flower^ better named in Latin ^05 
plenus. In this, the essential organs, or a part of them, are 
changed into colored flower-leaves or petals. Most flowers are 
subject to this change under long cultivation (witness “ double” 
roses, camellias, and buttercups) , at least those with numerous 


stamens. It occasionally 
occurs in a state of nature. 
The stamens diminish as 
the supernumerary petals 
increase in number ; and 
the various bodies that may 
be often observed, inter- 
mediate between perfect 
stamens (if any remain) and 
the outer row of petals, — 
from imperfect petals, with 
a small lamina tapering into 
a slender stalk, to those 
which bear a small distorted 
lamina on one side and a 
half-formed anther on the 
other, — plainly reveal the 



nature of the transformation 09 


that has taken place. Carried a step farther, the pistils likewise 
disappear, to be replaced by a rosette of petals, as in fhlly double 


1 The leading treatises are Moquin-Tandon's T^ratologie Vdgdtale, Paris, 
1841, and Masters, Vegetable Teratology, London, published for the Ray 
Society, 1809. An earlier publication deserves particular mention, viz. the 
thesis De Antholysi Prodromus, by Dr. George Engelmann, Frankfort on 
the Main, 1882. 

® To these abnormal changes, the term metamorphosis is obviously more 
applicable ; for here what evidently should be stamens, pistils, &c., on the 
testimony of position and the whole economy of the blossom, actually ap- 
pear in the form of some other organ : yet even here the change is only in 
the nism formatimfs ; the organ was not first formed as a stamen, and then 
transformed into a petal or leaf. 

FIG S19. A flower of the ootumon White Clover reverting to a leafy branch : after 
Turpin. Calyx with tube little changed, but lobes bearing leaflets. Ftetll stsdked; 
the ovary open down the inner edge, and the margins of the pistil-leaf bearins leavea 
instead of ovules. 
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buttercups. 1 In these the green hue of the centre of the rosette 
indicates a tendency to reti’ograde a step farther into sepals, or 
into a cluster of green leaves. This takes place in certain blos- 
soms of the Strawberry, the Rose, &e. Such production of 
‘‘green roses,” and the like, has been appropriately called 
chlorosis^ or by Masters chloranthy^ from the change to green. 

309. A monstrosity of the blossom of White Clover, long ago 
figured by Turpin (Fig. 319), is such a case of foliaceous rever- 
sion, in which even the ovules are implicated. 
The imperfect leaves which take the place of 
the latter may be compared with the leafy 
tufts which foim along the maigins of a leaf 
of Bryophjdlum, by which the plant is often 
propagated. (]^g. 322.) 

810. The reversion of a simple pistil di- 
rectly to a leaf is seen in the Double-flowering 
Cherry of cultivation (Fig. 320, 321), usually 
passing moreover, by prolification of the re- 
ceptacle, into a leafy branch. 

311. The.reversion of pistils to stamens is 
, rarer, but has been observed in a good number 
of instances, in Chives, in the Horseradish, 
in Gentians and Hyacinths, and in some Willows. In the 
latter, the opposite transformation, of stamens to carpels, is 
veiy common, and curious grades between the two are met with 
almost eveiy spring. So also in the common Houseleek, and 
in perennial Larkspurs, Certain apple-trees are known, both 
in the United States and Europe, in which, while the petals are 
changed into the appearance of minute green sepals, the outer 
stamens are converted into carpels, these supernumerary and 
in the fruit superposed to the five normal carpels.® In Poppies, 
many of the innermost stamens are occasionally transformed 
into as many small and stalked simple pistils, surrounding the 
base of the large compound one. 



1 It must not be concluded that the supernumerary petals in all such cases 
are reverted stamens, or stamens and pistils. Some are instances of abnormal 
pleiotaxy, u &. of the production of one or more additional ranks of petals 
(better deserving the name of douJUt with or without reversion of 

essential organs to fiower^leaves. 

^ These trees are popularly supposed to bear fruit without blossoming; 
the reverted green petals being so inconspicuous that the flower is un- 
noticed. 

FIG. 320, 821 Green leaves from the centre of a blossom of Uonble-flowerlng Cherry, 
(me BtUl showing, by its partial involution and its style-Uhe apex, that it is a revexM 
carpel, the other a small hut well-fbrmed leal 

FIG 322. Iieaf or leaflet of BryophyUun, devdoping plantlets along the margins. 
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812. Another line of teratologieal evidence is furnished by 
prolificcLtion. The parts of the flower are^ by the doctrine, 
homologous with leaves, and no leaf ever terminates an axis. 

Normally, m fact, the 
axis is never prolonged 
be3’'ond the flower, but 
abnormally it may be. 

It ma^’ resume vegeta- 
tive growth as a termi- 
nal growing bud, either 
from between the pistils 
after the whole flower is 
formed, or at an earlier 
period, usurping the 
central part of the 
flower. Thus, when a 
rose is borne on a pe- 
duncle rising from the centre of a rose, which is 
not veiy unusual, or a leafy stem from the top 
of a pear (Fig. 323), the flower was probably 
complete before the monstrous growth set in. In 
Fig. 324, the reversion to foliaceous growth took 
effect after the stamens but before the pistils 
were formed. In rose-buds out of roses, the terminal proliferous 
shoot takes at once the fonn of a peduncle ; in the shoot from 
the pear, that of a leafy stem- 

313. Again, axillary buds are normally formed in the a’gil of 
leaves. No such branching is known in a normal flower. But 
in rare monstrosities a bud (mostly a 
flower-bud) makes its appearance in the 
axil of a petal or of a stamen ; and it 
may be clearly inferred that the organ 
(not itself axillary) fVom the axil of 
which a bud develops is a leaf or its ^ 
homologue. Fig. 325 exhibits a clear 
case of the kind, a flower in the axil 
of each petal of Colastrus scandens. Flowers, or pedunculate 
clusters of flowers, from the axil of petals of garden Pinks are 
sometimes seen. A long-pedunculate flower from the axil of a 




FIG. m A monstrous pear, prolonged into a leafy branch ; from Bonnet 
FIG 324, Itotrograde metamorphosis of a flower of the Fraxinella of the gardens, 
firom Limlley’s Theory of Horticulture ; an intemode elongated just above the stsouens, 
and bearing a wborl of green leaves. 

FIG. 325 A flower of Fidse Bittersweet (Celastnxs scandens) prodn^ng other 
flowers in the axils of the petals; from Tnrpin. 
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stamen of a species of Water-Lily (Nymphsea Lotus) is figured 
and described by Dr. Masters.^ 

814. In the application of morphological ideas to the elucida- 
tion of the fiower, nothing should be assumed in regard to it 
which has not its proper counterpart and exemplar in the leaves 
and axis of vegetation. 


Section II. Floral Symmetry. 

815. The parts of a flower are symmetrically arranged around 
its axis.^ Even when this S 3 "inmetry is incomplete or imperfect, it 
is still almost always discernible , and the particular numerical 
plan of the blossom may be observed or ascertained in some of 
the oigans. 

316. Adopting the doctrine that the parts of the flower are 
homologous with leaves, the symmetry is a consequence of the 
phyllotaxy. It is symmetry around an axis, not the bilateral 
symmetry which prevails in the animal kmgdom. For parts of 
a flower disposed in a continuous spiral (which mostly occurs 
when thej" are numerous) , the arrangement is that of some order 
of this kind of phyllotaxy, which distributes the parts equably 
into superposed ranks. (237.) The much commoner case of 


1 The fullest enumeration and discussion of the very various kinds of 
abnormal structures and deviations m plants is to be found in the Teratology 
of Dr. Masters, above referred to. Many technical terms are here brought 
into use, which need not be here mentioned, except the following, which relate 
directly to floral metamorphosis. 

PhyUody (called PhyJlomorphy by Morren, Frondescence by Engelmann) is 
the condition wherein true leaves are substituted for some other organs; 
2 . 6 , where other organs are metamorphosed mto green leaves. There is 
phyilody of pistils, ovules, filaments, antlier, petals, sepals, &c 

Sepodody, where other organs assume the appearance of green sepals 

Petalody, where they assume the appearance of petals, as normally in 
Pinckneya and Calycophyllum, in which one calyx-lobe enlarges and becomes 
petal-hke, and abnormally in Primroses where all the calyx-lobes imitate 
lobes of the corolla (this has been termed Cdycanthemy) ; also of the stamens 
of common double flowers.” 

Staminody, where other organs develop into stamens. Cases of this as 
affecting pistils are referred to above rarely sepals and petals are so affected. 

Pistdlody, where other organs develop into pistils, which most rarely 
happens except with the stamens, as above mentioned. 

^ It is stated that Correa de Serra (who published botanical and other 
papers in London, Paris, and Philadelphia during the flrst twenty years of 
the century, but who knew far more than he published) was the flrst botanist 
to insist on the symmetry of the flower. It was first made promment by De 
Candolle, in the Tlidorie IJldmentaire, and elaborated in detail by A St 
Hilaire in his Morpliologie V^gdtale. 
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equal number of parts in a cycle, and the cycles alternating 
with each other, is simply that of verticiUate ph^dlotaxy. (234.) 
In either case, the members of the successive circles (or of 
. closed spirals as the case may be) will be equal in number ; that 
is, the flower will be isomerous. 

317. A Symmetrical Flower is one in which the members of all 
the cycles (whorls or seeming whorls) are of the same number.^ 
In nature, the symmetry is of all degrees : it is most commonly 
complete and perfect as to the floral envelopes when it is not 
so as respects the essential organs. The general rule is that 
the successive cycles alternate, as is the nature of true whorls. 
But the superposition of successive parts is not incompatible 
with s}Tnmetr 3 ’ of the blossom, although it is a departure from 
the ordinary condition, assumed by botanists as the t^^pe. An 
isomerous flower (meaning one with an equal number of mem- 
bers of all organs) is the same as symmetrical, if the reference be 
to the number in the circles, rather than to the total number of 
organs of each kind. 

318. A Regular Flower is one which is symmetrical in respect 
TO the form of the members of each circle, whatever be their 
number ; i. c., with the members of each cii*cle all alike in shape. 

319. These two kinds of symmetry or regulaiity, with their 
opposites or departures from symmetry^ need to be practically 
distinguished in succinct language. For the terminology, it is 
best to retain the earlier use, generally well established in phyto- 
graphy, as above defined. 

320. A Complete Flower is one which comprises aU four or- 
gans, viz. calyx, corolla, stamens, pistil. 


1 This is not only the definition ** generally applied in English text-books/' 
but that introduced by LeCandolle, adopted by St. Hilaire, and followed at 
least by the French botanists generally. The innovating German definition, 
of a recent date, is that a symmetrical flower is one “ that can be vertically 
divided into two halves each of which is an exact reflex image of the other.’* 
But such have immediately to be distinguished into “ flowers wliich can be 
divided in this manner by only one plane,” which Sachs terms “ simply 
symmetrical or mouosynmetrical** and those which can be symmetrically 
divided by two or more planes, ** doubly symmetrical or jiolysymmetncal/* 
as the case may be. Now both these forms have a more expressive and 
older terminology, adopted by Richler, viz : — 

Zyyomarphous, for flowers, or other structures, which can be bisected in 
one plane, and only one, into similar halves (median zyyomorphovs, when 
this is a median or anlero-posterior plane, as it most commonly is ; trans- 
verse zyqomorphous, when the plane of section is transverse or at right 
angles to the median, as in Dicentra) ; 

Actinomorplious for flowers, &c , which can be bisected in two or more 
planes into similar halves. 
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321. I^^nmerical ^onnd-plan. Many flowers are nmnerically 
indefinite in some or most of their kinds of members, as Ranun- 
culus, Magnolia, and the Rose for stamens and pistils, Nym- 
pheea for all but perhaps the sepals, many Cactacese for all but - 
the pistil, and Calycanthus for all four components. But more 
common!}" each flower is constructed upon a definite numerical 
ground-plan ; and the number is usually low. Seldom, if ever, 
is it reduced to unity in a hermaphrodite blossom (even Hip- 
puris, with a single stamen and a single pistil, is not an un- 
equivocal case) , and probably never in a complete one. But there 
are such extremely simplified flowers among those of a single sex. 
In Monocotyledons, the almost universal number is three, some- 
times two ; in ordinary Dicotyledons, five prevails ; four and two 
are not uncommon ; three is occasional ; and higher numbers are 
not wanting, as twelve or more in Houseleeks. 

322. To designate the particular plan, such familiar terms of 
Latin derivation as binary^ ternary^ quaternary^ quinary^ senary^ 
&c., are sometimes employed, denoting that tlie parts of the 
flower are in twos, threes, fours, fives, or sixes. More technical 
and precise terms, equivalent to these, are composed of the Greek 
numerals prefixed to the word meaning parts or members, as 

Monomerom^ for the case of a flower of one member of each ; 

Dimerous^ of two, or on the plan of two members of each ; 

Trimerous^ of three, or on the plan of three members ; 

Tetra7nerous^ of four, or on the quatemai}" plan ; 

Pentamerous^ of five, or on the quinar}" plan ; 

Eexamerous^ of six, or on the plan of sjbs: members to each 
circle. But, in Monocotyledons, so-called hexamerous blossoms 
are really trimerous, the sixes being double sets of three. 

323. Pattern Flowers* These should be symmetrical^ regular^ 
complete in all the parts and without ex- 
cess or complication of these, and with- 
out any of the cohesions or adhesions 
which may obscure the t^Tpe, or render it 
less expressive of the idea that a flower 
consists of a series of circles or spirals 
of modified leaves crowded on a short 
axis. Wbierefore the illustration Fig. 307, 

with its diagram Fig. 308, may serve as a pattern pentamerous 
or qtdnary flower; and Fig. 326, with its diagram, Fig. 327, 



1 These may be shortly written 1-merous, 2-merou8, S-merous, and so on up 
to lO-merous {decamer<m), 12-merous {dodecamerms), &c. 

Fig ii26. Parts of a symmetrical trimerous flower (Tlllsea mmscosa); a, ealyz; 
b corolla; c stamens; d. pistils 327. Diagram of the same. 
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as a pattern trimerous or ternar 3 " flower; these being simpl}^ 
isoinerous, and of one circle of each kind. And the whole 

relation of the parts, viewed as 
modified leaves on the common 
axis, ma^’' be exhibited in such a 
diagram of a pattern isostemonous 
5-merous flower as that displayed 
in Fig. 328. 

324. Biplostemonons Type* The 
foregoing patterns are selected 
upon the idea of the greatest 
simplicity consistent with com- 
pleteness. But extended observation leads to 
the conclusion that the typical flower m nature 
has two series of stamens, as it has two series in 
the perianth ; that is, 
as man}' stamens as 
petals and sepals taken 
together.^ As the 
petals alternate with 
the sepals, so the first 
series of stamens al- 
r ternates with the pet- 

^ '2a als, the second series 
of stamens alternates with the first, and the pistils or carpels 
when of the same number alteimate with these. Thus the outer 
series of stamens and the carpels nonnail}’’ stand before (are 




This view of the symmetry of the flower was first taken hy Brown 
(Obs. PI. Oudney, in Bonham and Clapperton Trav. 1826, reprinted in Ray 
So<s od. of Colloctod Works, i. 293) It is true that Brown declares the 
same of the pistils ; hut that is not made out The evidence of this doctrine 
is to be gathered from a large and varied induction ; from the general pres- 
ence of the two sefs of stamens, and no more, in petaloideous Monocotyle- 
dons ; the unalti»rod position of the carpels (before the sepals) when the 
inner set of stamens is wanting, as in the Iris Family ; the very common 
appearance in haplostemonous flowers among the Dicotyledons of vestiges 
of a second aeries, or of bodies which may be so interpreted. The androecium 
■or the blossom is said to bo ^ 

Tmtfirmom or TTaplostemomms wlien the stamens are of one senes, equal 
in number to that of the ground-plan of the blossom ; 

Diphstemwom, when there an‘ two series, or double this number. 

TOh m Ideal plan of a plant, with tlie simple stern terminated by a symmetrical 
pentamerous flower; the riitfisront. sots of organs soiwiratwl to some distance from 
•otte. t«> show the relative situation of the parts. One of oai*h, namely, a, a seiw-i, », 
a petal, e, a stanioii, and f/. a pistil, also slmwn, enlarged. 

Fro. ;W. A jieutttmoroHH diplostemonous flower of Sedum. 
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sup6rpos6d to) tli6 sepsis 5 and th.e stamens of the inner series 
stand before the petals ; as in the diagram, Fig. 331.i 

325. Flowers which completely 
exemplify their tj^e or symmetry 
are rare, but most exhibit it more 
or less. Each natural order or 
group exhibits its own particular 
floral type, or modification of the 
common t^’pe.®* Some of these 
modifications do not at aU affect 
the sj’^mmetrj' or obscure the plan 
of the flower, except by combina- 
tions which render the phylline 
character of the floral envelopes and caipels 
less apparent, such combinations being of 
rare occurrence in foliage. Others gravely 
interfere with floral symmetry, sometimes to 
such degree that the true plan of the blossom 
is to be ascertained only through extended 
comparisons with the flowers of other plants 
asi of the same order or tribe, or of related 
orders. The symmetry of the blossom finds its explanation in 
the laws which govern the arrangement of leaves on the axis ; 
that is, in phyllotaxy. The deviations from symmetry and from 
t}"pical simplicity have to be explained, and in the first instance 

• 

^ For conrenient reference and the avoidance of circnmlocntion, Bome 
writers term the stamens which are before the petals epipetaloua, those before 
the sepals episepcdous ; but, as this prefix means upon, it is better to restrict 
these terms to cases of adnation of stamens to these respective parts of the 
perianth, and to distinguish as 

AnUp^tahm, those stamens which stand before petals, whether adnate or 
' free, and 

k Aniisepalcm, those which stand before sepals. — These terms we find have 
) already been employed m this way by Br A. Bickson (in Seemann, Jour. 

Bot. iv. 276), with the addition of a third, via. 

. Parapetahus, for stamens which stand at each side of a petal, yet not 
' necessarily before a sepal, as in many Bosacese. 

* These particular types, with their modifications, are set forth in the 
^ ehaaracters or distinguishing marks of the orders, tribes, genera, &c. The 
best generally available illustrations of ordinal types are in Le Maout and 
Becaisne's Traits Grdndral de Botanique, and in Hooker^s English edition 
^and revision, entitled A General System of Botany, Bescriptive and Analyti- 
cal, London, 1878. The best morphological presentation is in Bichler'a 
Bliithendiagramme, &c. (Flower Biagrams, Constructed and niustrated), 
Leipzig, 1876 

FIO. 380. Opened flower of Trillium ereotuxo. 381. Biagram of the same. 
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to be classified. To have morphological value, such explanation 
should be based upon just analogies in the foliage and other 
organs of vegetation. Whatever is true of leaves and of the 
vegetating axis as to position of parts, mode of origin and 
growth, division, connection, and the like, may well be true of 
homologous organs in the flower. 


Section III. Vakious Modifications of the Flower. 
§ 1. Enumeration of the Kinds. 


326. In the morphological study of flowers, these modifica- 
tions are viewed as deviations from type. Their interpretation 
forms no small part of the botanist’s work. They may be classed 
under the following heads : — 

1. Union of members of the same circle: Coalescence. 

2. Union of contiguous parts of different circles : Adnation. 

3. Inequality in size, shape, or union of members of the same 
circle: Irregularity. 

4. Non-appearance of some parts which are supposed in the 
type : Abortion or Suppression. 

6. Non-alternation of the members of contiguous circles: 
Anteposition or Superposition. 

6. Increased number of organs, either of whole circles or 
parts of circles : Augmentation or Multiplication. 

7. Out^owths, mostly from the anterior or sometimes pos- 
terior face of oigans : Enation. 


8. Unusual development of the torus or flower-axis. v 

9. To which may be appended morphological modifications, > 

some referable to those heads and some not so, which are in . 
special relation to the act of fertilization. These are specially 1 
considered in Section IV. ^ 

327. These deviations from assumed pattern are seldom single 
possibly all may coexist in the same blossom. Several of themr 
occur even in that one of the orders, the Crassulaccas, which* 
most obviously exhibits the normal typo throughout. ^ 

328^. Thus, Sedum (Fig. 829), with two circles of stamens,! 
being'taken as the true type (824), Crassula (Fig. 307) wants! 
the circle of stamens before the petals ; Tillsea (Fig. 326) is the 
same, but with the members symmetrically reduced fVom five to* 
throe ; Rhodiola loses all the stamens by abortion in one half 
the individuals and the pistils in the other, sterile rudiments 
testifying to the abortion ; Triactina has lost two of its five 
carpels, and tbe three remaining coalesce into one body up to-fhe ^ 



180 


THE FLOWER. 


middle ; Penthoram (Fig. 335, 336) has its five carpels coales- 
cent almost to the top, and usually loses its petals by abortion ; 
in Grammanthes and Cotyledon (Fig. 332—334), the sepals are 
coalescent into a cup and the petals into a deeper one, out of 



which the stamens appear to arise, these being adnate to the 
corolla. Symmetrical increase in the number of members of 
each circle is no proper deviation from type, at least in this 
family (in which flowers on the same plant sometimes vary from 
5-merous to 4-merous and 6-merous) , and in Sempervivum (to 
which Houseleek belongs) these members are always more than 
five and sometimes as many as twenty in each circle. 

§ 2. Regxjlae Union of similar Parts. 

329. Coalescence, or the cohesion by the contiguous margins 
of parts of the same circle or constituent set of organs, is so fre- 
quent that few flowers are completely free from it. The last 
preceding figures show it in the gynoecium and corolla. Fig. 
471-476 jEhrther illustrate it in the corolla, and in various degrees 
up to entire union ; and Fig. 483-488 illustrate it in the androe- 
cium. The technical terms which coalescence calls for, and 
which are needful in botanical description, may be found under 
the account of the particular oigan, and in the Glossary. Such 
growing together of contiguous members in the blossom is strictly 
paralleled by connate-perfoliate leaves of ordinary foliage (212, 
Fig. 215), where it more commonly occurs in upper leaves^ and 
in bracts, which are stQl nearer the flower. 

330. It should now be hardly necessary to explain that the 
terms cocHesemce^ cohesion^ union^ and the corresponding phrases 


FIG. 332. Flower of Grammanthes 833 Flower of a Ootyledon 334, The corolla 
laid open showing the two rows of stamens inserted on it. 335. The ftye plstOs of 
Fenthomm, nidt^ 336 A crosSHsecUon of the same. 
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in the next paragraph, do not mean that the parts were once sepa- 
rate and have since united. That is true only of cei-tain cases. The 
union is mostly congenital, equally so in the disks of foliage of 
the Honeysuckle (Fig. 215) and in the corolla of a Convolvulus. 
The lobes which answer to the tips of the constituent loaves of 
the cup or tube are usually first to appear in the foiming bud, 
the undi\ided basal portion comes to view later. It might bo 
more correct to say that the several leaves concerned have not 
isolated themselves as they grew. Accordingly, Dr. IVIastcrs 
would substitute for coalescence and adnate the tenn mseparate. 
But the common language of morphology needs no change, as it 
consistently proceeds on the idea, and the prevalent fact, that 
leaves are separate things, and that the tube, cup, or insepa- 
rate ” base of a calyx or corolla, consists of a certain number of 
these. It is no contradiction to this view that they developed 
in union. ^ 

§ 3 Union of dissimilar or successive Parts. 

33 1 . Adnation is the most appropriate term to denote the organic 
and congenital cohesion or consolidation of different circles, the 


1 If it were seriously proposed to change the language of descriptive 
botany m this regard, consistency would require its total reconstruction, with 
the abolition of all such terms as cleft, parted, &c.; for the structures in 
question ^are no more cleft than they are united. While these convenient 
and long-familiar terms are continuodin use (as they surely will be), although 
quite contrary to literal fact^ it cannot be amiss to continue those, such as 
comate, adnate, coakscent, &c., wliich imply and suggest the fundamental fact 
in the structure of phsenogamous and the higher cryptogamous plants, viz. 
that leaves are normally imconnected organs. 

Wliethcr fusion or separation is the more complex condition, and therefore 
indicative of higher rank, is a question of a different order. It is argued 
that the fusion or lack of separation is an am»st of development, and there- 
fore an indication of low rank or less perfection than the contrary. But a 
phylogenetic view of the whole case may reverse this conclusion as respects 
the blossom. The course of development from thallus and frond to distinct 
fohage on an axis, from little to full differentiation, is clearly a rise in 
rank, as also is the differentiation of foliage into ordinary leaves, petals, 
stamens, and pistils. But there is as much differentiation in the flower 
of a Convolvuli^ as of a Ranunculus, and more in that of a Salvia, a 
Ixilwlia, and an Orclus. In all such flowers, the combination, the irregu- 
lanty, and the diversification in many cases of the members of the same circle, 
all mdicate complexity, greater specialization, and therefore Iiigher rank. 
The production of leaves distinct from the axis is one step in the ascending 
s^e : such specializations and combinations of these as occur in flowers are 
mgher steps ; and the most specialized, complex, and therefore highest In 
rank are complete, corolliferous, irregular flowers, with a definite number of 
members, and these combined in view of the adaptations by which the ends 
of fertilization and fructification are best subserved. 
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apparent gi-owing of one part on or out of another, as of 

the corolla out of the calyx, the stamens out of the corolla, or 
all of them out of the pistil. This disguises the i-cal origin 
of the floral organs from the receptacle or axis, in successive 
series, one within or above the other. Organs in this condition 
are also and rightly said to be Connate (born united) ; but, as 
this term is equally applicable to the coalescence of members of 
the same circle, the word Adnate is preferable, as applj ing to 
the present ease only. Adnation is heterogeneous oigauic co- 
hesion or adhesion : coa- 
lescence is homogeneous 
cohesion or union. 

332. Adnation occurs in 
very various degrees, and 
affects either some or all the 
organs of .the flower. Its 
consideration intorodnees into 
terminology several peculiar 



uoixuo, wjuuLuu iiitiy nci*e De 
ffl defined in advance. Three 

1 them, introduced and 

prominently employed by 
j Jussieu, depend upon the 
degree of adnation, or the 
^ 'wCjy absence of it, viz. : — 

f Hypogynom (literally be- 

^ eeath pistil), applied to parts 

which are inserted (i. e. are 
borne) on the receptacle of 
dfW flower, as in Fig. 336. 

This is the absence of 
( a adnation, or the condition 

corresponds with the 
J unniodified tj-pe. 

Vli'w _ Penghus (around tlie 

pistil) implies an adnation 
+,v... _L / , , which carries up the inser- 

7-T or place of 

ttachment) to some distance above or away from the recep- 

tb, me iXnSolth? of •“ 
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tacle, so common^ placing this insertion around instead of 
beneath the pistil ; whence the name. The perig^m}^ may be, 
as the figures show, merely 
the adnation of petals and 
stamens to calyx, the calyx 
remaining h^’pogynous, as in 
Fig. 337 ; or else the adna- 
tion of the cal^ x, involving 
the other organs, to the lower 
part of the ovary, as in Fig. 

338, or up to the summit of 
the ovary, while the petals 
and stamens are adnato still further to the calyx, as in Fig. 339. 
The latter passes into what is called 

JEpigyiioiis (on the pistil), where the adnation is complete to 
' the very top of the <jvary, and none beyond it, as in Fig. 340, 
341. Yet here the parts so termed are not really on the ovary, 
except where an epigvnous disk (394) actually surmounts it. 




340 311 

333. Adnation brings some other terms into use in botanical 
descriptions, especially those of superior and inferior. In this 
connection, these words (in Latin t^ing the form of sup^rm and 
infenis) denote the position in respect to each other of ovary and 
floral envelopes, — not the morphological, but the apparent posi- 
tion or place of origin. Thus, in Fig. 336 and in 337, the calyx 
is inferior, or in other words the ovary s^vperior. Here real and 
apparent origin agree, this being the normal condition, which 
is otherwise expressed by saying that the psiits mre L e. free 
from all adnation of one to the other. But, in Fig, 339-341, the 


FIG. 339. Similar section of a flower of Hawthorn, showing complete adnation to 
the summit of the ovary and of the other parts beyond. 

FIG 340 Vertical section of a Cranberry-flower, and 341, of flower of AnUilk 
nudicauhs, with so-called epigynous insertion of calyx, corolla, and stamens; theofdyx 
of the latter completely oonsoUdated with the surface of the ovary, or its Umh 
obsolete. 
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ovary is said to be inferior and the calyx^ superior, the calyx 
and other parts, in consequence of the adnation of its lower part, 
seeming to nse ftom the summit of the ovary. 

334. Adnation of floral envelopes to pistil rarely extends 
beyond the ovary ; yet, in species of Iris having a tube to 
the perianth, this tube is commonly adnate for most of its len^ 
to the style. But when the calyx has its tube or portion with 
united sepals prolonged, the petals and the stamens are usualljf 
adnate more or less to it, 4. e. are inserted on the calyx* And, 
when the petals are united and prolonged into a tube, the sta- 
mens, being within the corolla, are commonly adnate to or 
inserted upon this. 

335. No one doubts that the view is a true one which repre- 
sents the perianth-tube as adnate to the style in Iris, petals and 
stamens as adnate to cslyx in the Cherry (Fig. 337) , stamens 
as adnate to base of corolla in Fig. 334, and a long way farther 
in Phlox, &c. That the calyx is similarly adnate to die ovary 
is nearly demonstrable in certain cases. 

336. But, as the lower portion of a pear is undoubtedly recep- 
tacle, or rather the enlarged extremity of the flower-stalk, as in a 
rose at least a portion of the hip is receptacle, as the tube of the 
flower in a Cereus or other Cactacea has aU the external char- 
acters and development of a branch, so it is most probable that 
in many cases the supposed calyx-tube adnate to an inferior 
ovary is partly or wholl}' a hollowed receptacle (in the manner 
of a Fig-fruit) ; that is, a cup-shaped or goblet-shaped develop- 
ment of the base of the floral axis. This would bring the case 
under § 7. (326, 495.) 


§ 4. Ireegulakitt of similar Parts. 

337. Irregiilarily, or inequality in form or in union of mem- 
bers of a circle, is extremely common, either with or without 
numerical symmetry. One or two examples may suflfice. 

338. Irregular flowers with symmetrical perfection, except in 
the g}Tio 0 cium, are well seen in the Pea Family, to which belongs 
the Mnd of corolla called Papilionaceous, from some imagined 
resemblance to a butterfly. (Fig. 342-344.) This flower is 
5^erous throughout, has the Ml complement of stamens (10, or 
two sets) , but the g^moecium reduced to a single simple pistil. 
The striMng irregularity is in the corolla, the petals of which 
bear distinguishing names : the posterior and larger one, exter- 
nal in the bud, is the Vbxillum or Staiuoard (Fig. 344, a) ; 
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the two lateral next and under the standard, Al^ or Wings {h ) ; 
the two anterior, covered by the wings and partly cohering to 


0 « 



form a prow-shaped body (c) , the Carina or Ejbel. The calyx ‘ 
is slightly irregular by unequal union, the two upper sepals 


united higher than the 
other three. The sta- 
mens are much more 
coalescent, but with an 
irregularity, nine com- 
bined by the lower part 
of their filaments, and 
one (the posterior) 
separate. (Fig. 346.) 

339. The plan and 
floral symmetry in the Locust-blossom and 
its relatives are little obscured by the irregu- 
larities and the coalescence, hardly more so 




than in the plainer flower of its relative, 


Baptisia (Fig. 347, 348), in which the petals are somewhat 
alike, and the ten stamens are distinct or unconnected. Only 


the calyx is more irregular, by the union of the two posterior 
sepals almost to the tip. (Fig. 848.) 


FIG 342 Dlagraxn of flower of tl)6 Locast, Roblnla Pseadacacla ; (l tuds of Inflotpft* 
oence; b. Wract; first circle of 6 calyx; five remaining pieces, corolla; nextanthwa, 
10 m number; in the centre a sinfijle pimple pistil 343 Front view of Locuet-fiower 
showing only the corolla 344. This corolla displayed. 

FIG 345. Androe(4um of the Locust, nine stamens ooalesoent, one distinct. 346. 
Same of a Lupine, all ton filaments coalescent below into a <dosed tube 

FIG. 317. Oalvx and corolla of Baptisia australis. 343. Same with petals fbllen. 
showing ten distinct stamens and tip of the style- 
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340. But in a Lupine-blossom, of equally near relationship, 
a casual observer might fail to recognize the very same tj’pe, 
although disguised only by cohesions. For while the two pos- 
terior sepals are united to the tip on one side of the blossom, the 
three others are similarly united into 
one body on the anterior side, giving 
the appearance of two sepals instead 
of five: in the corolla, the two keel- 
petals are more strictl}^ united into a 
slender sc}iJie-shaped or sickle-shaped 
body; so that the petals might with 
the unwaiy pass for four: in the 
androecium, the coalescence includes all 
ten stamens (Fig. 346), which is an 
approach to regularity. 

341. The 5-merous symmetiy of the 
Violet-blossom is complete until the 
gjmoecium is reached (but with only 
// one circle of stamens) ; the main irregu- 

(fjll larity of the perianth is in the anterior 

' petal, with its nectariferious sac at base 

(Fig. 349-351) ; the two stamens near- 
est this send into the sac curious appendages, which the other 
three do not possess ; the gynoecium is composed of three car- 
0 pels coalescent into one compound ovary in a 
manner hereafter explained. In Antirrhinum 
and Linaria (Fig, 480, 481), there is a similar 
irregularity accompanying coalescence of the 
petals, the anterior one being extended at base 
into a nectariferous sac or hollow spur.^ The 
flower of a Lobelia (Fig. 488) has the same 
numerical plan and symmetry as that of Viola 
aa (except that the gjmoecium is dimerous) ; but 

tibn? members are adnate below and coalescent above, and the 
corolla is irregular through unequal coalescence of the five petals, 
and the absence of coalescence down one side. 


1 PsLoaxA is a name given by Linnmus to an occasional monostrosity of 
these flowers (imitated in sundry others), in which the base of every petal, or 
answering part of the corolla, is prolonged downward into a sac or spur. 
The sac is, morphologically considered, a departure from normal regularity : 
in the monster, symmetrical regularity is restored by the development of four 
more sacs. 

FIG 849 Flower of Viola saglttata 350. Its sepals and petals displayed 351. 
Diagram of a Violet-blossom, from Bichler, with bract or snbten-hng leaf (below), a pair 
of bractlets (lateral), and axis to which the subtending leaf belongs (above orj^terlor). 
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§ 5. Disappearance or Obliteration op Parts. 

342. Abortion or Suppression are somewhat synonymous terms 
to denote the obliteration or rather non-appearance of organs 
which belong to the plan of the blossom. Abortion is applied 
paiticulaily and more properly to partial obliteration, as where 
a stamen is reduced to a naked filament, or to a mere rudiment 
or vestige, answering to a stamen and occupying the place of 
one, but incapable of performing its office ; suppression^ to abso- 
lute non-appearance. Such vestiges or aboitive organs justify 
the use of these terms, the more so as all gradations are some- 
times met with between the perfect organ and the functionless 
rudiment which occupies its place. Such obliterations, whether 
paitial or complete, may attect either a whole circle of organs 
or merely some of its members. The former interferes with the 
completeness of a fiower, and may obscure the normal order of 
its parts. The latter directly' interferes with the symmetry of 
the blossom, and is commonly associated with irregularity. 

343. Of parts of a Circle. Among papilionaceous flowers 
(333) , different species of Erythrina have all the petals but one 
(the vesillum. Fig. 344, a) much reduced in 
size, in some concealed in the calyx, and in 
every way to be ranked as aboitive organs. 

In Amorpha, of the same family, these four 
petals are gone, leaving no trace, reducing 
the corolla to a single petal. (Fig. 352, 36tJ.) 

This one is evidently the vexillum, both by 
position and shape ; and the 5-merous type, 
also the particular tj’pe of the family, are still 
discernible in the five notches of the calyx, 
the ten stamens, &c. In a related genus, 

Parryella, even this last petal is wanting, and 
the androccium is straight, all irregularity thus 
disappearing through suppression. 

344. Delphinium or Larkspur and Aconite or Monkshood 
furnish good examples of flowers in which irregularity is accom- 
panied by more or less abortion. The calyx of the Larkspur 
(Fig. 354-356) is irregular by reason of the dissimilarity of the 
five sepals, one of which, the uppermost and largest, is pro- 
longed posteriorly into a long and hollow spur. Within these, 
and alternate with them as far as they go, are the petals, only 



FIQ 362 Stamens and pistil of Axno]ne>ba firatioosa. ' 853. An entire flower of the 

same 
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four in number, and these of two shapes, the two upper ones 
having long spurs which are received into the spur of the upper 
sepal ; the two lateral ones having a small but broad blade 



856 S'® 

raised on a stalk-like daw ; and the place which the fifth and 
lower petal should occupy (marked in the ground-plan, Fig. 356, 


FIG. 354 Flower of a Larkspur 365 The five sepals (outer circle) and the four 
Xietals (inner circle) displayed. 856. Ground-plan of the calyx and corolla. 

FIG 357. Flower of an Aconite or Monkshood- 858. The five sepals and the two- 
small and curiously shaped petals displayed ; also the stamens and pistils m the centre. 
359. Ground-plan of the calyx and corolla; the dotted lines, as in Fig. 356, representing 
the suppressed parts. 
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by a short dotted line) is vacant, this petal being su;., '. -ised, 
thereby rendering the blossom unsymmetrical. In j • ‘■e 

(Fig. 357-359), the plan of the blossom is the same, 
but the uppermost and largest of the five dissimilar 
sepals forms a hebnet-shaped or hood-like body; 
three of the petals are wanting altogether (their 
places are shown bj" the dotted lines in the ground- 
plan, Fig. 359) ; and the two upper ones, which ex- 
tend under the hood, are so reduced in size and so 
anomalous in shape that they would not be recog- 
nized as petals. One of these, enlarged, is exhibited 
in Fig. 360. Petals and other parts of this and of va- 
rious extraordinaiy forms were termed by Linnaeus 
Nectaries, a somewhat misleading name, as they 
are no more devoted to the secretion of nectar than 
ordinary petals or other parts are. In these flowers, 
moreover, the stamens are much increased in number. 

345. Analogous abortion of some of the stamens, along with 
a particular irregularity’ of the perianth, especially of the corolla, 
characterizes a series of natural orders with coalescent petals. ^ 
These flowers are all on the 5-merous plan (except that the 
gyncecium is 2-merous) , but with corolla, and not rarely the 
calyx, irregular through unequal union in what is called the hilch 
Mate or two-lipped manner. The greater union is always median, 
or anterior and posterior, and two of the coalescent members form 
one lip, three the other. The two posterior petals form the 
upper lip, the anterior and two lateral form the lower lip of the 
corolla ; in the calyx, when that is bilabiate, this is of course 
reversed. In some, as in Sage and Snapdragon, the bilabiation 
of the corolla is striking (Fig. 479-481), and readily comparable 
to the two jaws of an animal ; in others, the parts are almost regu- 
lar. The suppression referred to is, in most of these cases, that 
of the posterior of the five stamens, as in Pig. 361, where it is 
complete. In Pentstemon (Fig. 362), a sterile filament regu- 
larly occupies tlie place of the missing stamen. The position 
suifficiently indicates its nature. This is also revealed by the 
rare occurrence of an miperfect or of a perfect anther on this 



1 These natural orders in which this occurs, or tends to occur, are the 
Scrophulariaceae (Snapdragon, Pentstemon, Mimulus, &c.), Orobanchacess 
(Beech-drops), Lentibulace* (Bladderwort), Gesnerace® (Gloxinia), Big^ 
noniacese (Trumpet Creeper, Catalpa), Pedaliacess (Martynia), Acanthacess, 
Labiatss (Salvia, Stachys), &c. 

FIG 360. A petal (nectary) of an Acemtte, much snlargod. 
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fQami Mil ^ a monstrosity, indeed, but the monstrosity is here 
a rot urn to normal symmetry. The two stamens nearest the 

suppressed or abortive one generally 
share in the tendency to aboiHon, as 
is shown by their lesser length or 
smaller anthers: in the flower of 
Catalpa, these two also are either im- 
perfect or reduced to mere vestiges 
(as in Fig. 363) : in very many other 
plants of these families, even these 
vestiges are not seen, and so the five 
stamens are by abortion or complete 
suppression reduced to two. 

346. Suppression in the gynoecium 
to a number less than the numerical 
plan of the flower (as shown in the 
perianth) is of more common occur- 
rence than the l^-pical number, and 
the reduction is comparatively con- 
stant throughout the genus or order. 
A papilionaceous or other leguminous 
fiower with more than one or with all 
five pistils is exceedingly rare, and 
except in one pentacarpellaiy genus 
is a monstrosity. Suppression of 
the interior is more common than 
of exterior organs. Want of room 
in the bud may partially explain 
this. 

347. Suppression of whole Circles. Such suppression or rather 
non-production in the actual blossom of whole series of organs 
which belong to the t^'pe, and indeed are sometimes present in 
that blossom’s nearest relatives, is very common. It gives 
occasion to several descriptive terms, which may be here defined 
together. First, and in general, flowers are 

Incom/plete^ in which any one or more of the four kinds of organs 
is wanting, whatever these may be ; 

Apetalous^ when the corolla or inner perianth is wanting ; 

Mcmochlamydeous^ where the perianth is simple instead of 

EIG S61 Corolla of Gorardia piirporea laid open, with tiie four stamens, the place 
whioh the fifth should occupy mdicat^ hy a cross 

FIG. 362 Corolla of Pentsteiuon grandiflorus laid open, with its four stamens, 
a stenle filament in the place of the fifth stamen. 

FIG. 363. Corolla of Catalpa laid open, with two perfect stamens and the vestiges 
of three abortive ones. 

♦ 
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double, in which case the wanting set is generally (but not quite 
always) the inner, or the corolla ; 

Dichlamydeous^ when both circles of the perianth (calyx and 
corolla) are present ; 

Achlamydeous^ when both are wanting, as in Fig. 365. (These 
three terms are seldom employed.) 

Unisexual (also Diclinous or Separated) , when the suppression 
is either of tlie stamens or the pistils. In contradistinction, a 
flower which possesses both is BisexucJ, or Hermaphrodite. 

Staminate^ or Male^ when the stamens are present and the 
pistils absent ; 

Pistillate., or Female., when the pistils are present and the 
stamens absent ; 

Monoecious (of one household), when stamens and pistils oc- 
cupy different flowers on the same plant ; 

Dioecious (of two households), when they occupy different 
flowers on different plants ; 

Polygamous^ when the same species bears both unisexual and 
bisexual or hennaphi‘odite flowers. This may occur in various 
ways, from the greater or less abortion of either sex, either on 
the same or on separate individual plants ; — as Monoedously or 
Dioeciously Polygamous., according to the tendency to become either 
monoecious or dioecious. Recently Darwin has well distinguished 
the case of 

Gyno-dioecious., where the flowers on separate individuals are 
some hermaphrodite and some female, but none male onlj" ; and 
Andro-dicecious., of hermaphrodite flowers and male, but no 
separate female. The latter is a less common case. 

Neutral., as applied to a flower, denotes that both stamens and 
pistils are wanting, — a case neither rare nor inexplicable on 
grounds of utility. (356, 504.) 

Sterile and Fertile are more loosely used terms. A sterile 
flower may mean one which fails to produce seed, as a sterile 
stamen denotes one which produces no good pollen, and a 
sterile pistil one which is incapable of seeding. But commonly a 
sterile flower denotes a staminate one ; a fertile flower, one which 
is pistillate, if not also hermaphrodite. 

348. Suppressed Perianth. Almost universally, when the peri- 
mth is reduced to a single circle, it is the inner, or corolla, which 
is not produced. Or, rather, when there is only one circle or sort 
of perianth-leaves, it is called calyx^ whatever be the appearance, • 
texture, or color, unless it can somehow be shown that an outer 
circle is suppressed. For since the calyx is frequently deliiJfiftep^jA 
and petal-Hke (in botanical language, petdLoid or colored^ as 
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Clematis and Anemone, Fig. 364) , and the corolla is sometimes 
greenish or. leaf-like, the only real difference between the two is 

that the calyx represents the outer 
and the corolla the inner series. 
Even this distinction becomes arbi- 
trary when the perianth consists of 
thx’ee or four circles, or of a less 
definite number of spirally arranged 
members. 

349. Yet the only perianth obvi- 
ously present may be corpUa, as when 
88i tha calyx has its tube wholly adnate 

to the ovary and its border or lobes obsolete or wanting.^ Aralia 
nudicaulis (Fig. 341) is an instance, likewise many Umbelliferse, 
some species of Fedia or Valerianella, the fertile flowers of Nyssa, 
and those Compositae which have no pappus. For Pappus, 
the name originally given to thistle-dow:n and the like, answers 
to the border or lobes of a calyx att^uated and depauperated 
*down to mere fibres, bristles, or hairs. The name is ex- 
.. tended to other and less oblitei'ated forms. (644, Fig. 631-633.) 
When the obliteration is complete, as in Mayweed (Fig. 630) , 
in some species of Coreopsis, &c., the corolla seems to be simply 
continiK)US with the apex of the ovary. comparison with 
related forms reveals the real state of things.® 

350. So also in Hippuris, in which (along 
' with exti'eme numerical reduction of the other 
flpral circles) the calyx as well as.corolla seems 
^ to be wanting ; but Ihe insertion of the stamen 
on the ovaiy (epigynous) suggests an adnate 
calyx, and near inspection detects its border, 
ggj 351- JBoth cal 3 X and corolla are really want- 

ing in the otherwise complete and perfect (symmetrical and 

— j 

1 In the flowers of the two common species of Prickly Ash (Zanthoxy- 
luin) of the Atlantic United States, one has a double, the other a single 
jierianth (as shown in Gray, Gen. Illustr ii 148, t. 166) the position of the 
stamens gives a presumption that the missing circle of the latter is the calyx ; 
yet it may be otherwise explained. In Santalacem there are some grounds 
for suspecting that the simple perianth, although opposite the stamens, is 
corolla ; and the foliaceous sepal-lobes of tfle female flowers of Buckley a 
would confirm this, if these are true sepals rather than adnate biracts. 

2 In the pappus of Compositae, every gradation is seen between undoubted 
calyx, recognizable as such by structure as well as position, and diaphanous 
scales, bristles, and mere hairs, wholly “ trichomes ” as to structure, although 
in the place of “ phyllomes " and representing them 

FIG 364 Flower of Anemone Penney Ivanica; apetalons, the calyx petaloid. 

FIG 366 Aclilamydeous flower of Llzard's-tall (Saururus cemuus), magnlded. 
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trimerous) flowers of Saururus, Fig. 365. But ctehlamydeous 
blossoms are usually still further reduced 'to a single sex. 

352. Suppression of one circle of stamens is of veiy common 
occurrence. It is seen in different species of Flax ; which have 
mostly 5-merou& peifectly symmetrical and complete flowers with 
one set of stamens abortive. In some species (as in Fig. 367), 



sect 967 368 869 

vestiges of the missing circle of stamens are conspicuous in 
the form of abortive filaments, intciposed 'between the perfect 
stamens ; in others, these rudiments are inconspicuous or even 
altogether wanting. 

353. Suppressed Andrcecium or GyncBcium. This occurs with- 
out or along with suppression in the perianth. In cases of the 
former, vestiges of 
the aborted organs 
often remain to sig- 
nify the exact nature 
of the loss. Sepa- 
ration of the jsexes 
{m<m(Bcious^ diad- 
om^ &c.) is the re- 
sult of such suppres- 
sion. In Menisper- 
mum (Fig. 368, 369), 
this is accompanied 
by an actual doub- 
ling of both calyx 
and corolla. The 
dioecious flowers of 
Smilax are similarly 
complete, except by 

the abortion of one sex, but the calyx and corolla are single. 



PIG 366 PloWer of a limxm or Flax 86T Andnsolum and gyn<»oIum ; the fbxmer 
of 6 perfect stamens, alternating with 6 radiments of a second set. 

FIG. 368, 369. Bl^eclous dowers of Moonseed, Menisperm am Oanadense: 368, Stami- 
nate or male blossom; 369, FistUlate or female, but with six abortive stamena, before 
as many petals. ’ 


FIG 370. A catkin of starainate flowers of a Willow, Sallx alba. 871. A slnele 
ataminate flower detached and onlargod (the bract turned from the eye), 372. A nltS^ 
late catkin of the same speoiea 378. A detached pistillate flower, magntfled. 
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854. Combined with suppression of Perianth. This, which is. 
found in most amentaceous or catkin-bearing trees, in some with 
partial suppression of perianth, is well illustrated 
in Willows, the flowers of which are all achlamydeom 
and dicecious. (347.) The little scale (gland or nec- 
tary) at the inside of each blossom might be sup- 
posed to represent a perianth, reduced to a single 
piece ; but an extended comparison of forms refers 
it rather to the receptacle. Willow-blossoms (Fig. 
870-372) are crowded in catkins, each one in the axil of a bract : 
the staminate flowers consist of a few stamens merely, in this 
species of only two, and the pistillate of a pistil merely. In 
Salix purpurea, the male flower seems to be a single stamen 
(Fig. 374) ; but it consists of two stamens, united into one 




body. Here extreme 
suppression is ac- 
companied with co- 
alescence of the 
existing members. 

855. Still more 
simplified flowers, 
but more difficult 
to comprehend, are 
those of Euphorbia, 
or Spurge. These 
are in fact monceci- 
ous ; and the female 
flower is a pistil, the 
male is a stamen. 
The pistillate flower 
(of three carpels, 
their ovaries united 
into one three-lobed 
compound ovary) 


surmounts a slender peduncle which terminates each branch of the 
flowering plant. (Fig. 875.) From around the base of this pe- 
duncle rise other smaller and shorter peduncles, each from the 
axil of a slender bract, and sunnounted by a single stamen, 
which represents amale flower. (Fig. 376, 877.) This umbel-like 


BIO 374. A separate staminate flower of Salix purpurea, with the fltamens ooa- 
lesoent (monadelphons and eyntcenesiouB), so as to appear like a sini^le ono. 

FIG- 376. Flowering branch of Euphorbia corollata 370 Oalyx-bko involucre 
divided lengthwise, showmgthe staminate flowers around a pistillate flower (a). 377 A 
more magnified staminate flower detached with its bract, a, Its peduncle or pedicel 
surmounted by the solitary stamen, c. 378. Pi&til In flmit, cut across, showing the 
three one*8eeded carpels of whldi It is composed. 
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flower-cluster is surrounded and at first enclosed by an involucre 
in the form of a cup, which imitates a calyx ; and the lobes of this 
cup (the free tips of the calj’x-leaves) in the present species are 
bright white, so that the}" exactl}- imitate petals. Here, then, is 
a whole cluster of extremely" simplified flowers, taking on the 
guise of and practically behaving like a single flower, the invo- 
lucre serving as c&lyx and coroUa ; the one-stamened male flowers 
collectively imitating the androecium of a pol 3 mndrous blossom, 
and smTOunding a female flower which might pass for the pistil of 
it. A series of related forms, from vailous parts of the world, 
gives proof that this interpretation is the true one. 

, 356. Suppression of both AndroBcinm and Gynoeeinm. This 
occurs in what are termed Neutral Flowers (347) , such as are 
conspicuous at the margin of the cymes of Il^^drangea (Fig. 293) 
and of Viburnum lantanoides and Opulus, also at the margin of 
the head of flowers of Sunflower, Coreopsis (Fig. 287, 288), and 
the like. In these and most other instances, the perianth of 
which only the flower consists is much larger and more showy 
than in the accompanpng perfect flowers : in fact, their whole 
utility to the plant, so far as known, is in this conspicuousness. 
No plant normally bears neutral flowers only ; but in cultivation 
all sometimes become so by monstrosity, as in the form of Vibur 
num Opulus called Snowball or Guelder Rose, also in ^‘full 
double” roses, pinks, &c. Occasionally flowers become sterile 
and neutral by mere depauperation and abortion of perianth as well 
as of essential oi^ans, as in certain Grasses ; but such are 
mostly vestiges of flowers rather than neutral blossoms. 


§ 6. Interruption of normal Alternation. 

357. Anteposition or Superposition is the opposition of succes- 
sive (or apparently successive) whorls which normally alternate. 
This result is brought about in different ways, some of which are 
obvious, while of some the explanation is h}T)othetical. 

358. In the first place, there are cases of seeming anteposi- 
tion, which are explained away on inspection. In a tulip, lily, 
and the like, there is a perianth of six leaves and a stamen be- 
fore each. The simple explanation is that the flower is not 
6-merous, but 3-merou8 : there is a calyx of three sepals, colored 
and mostly shaped like the three petals, which alternate with 
these and are clearly anterior in the bud ; next, three stamens 
alternate with the petals or inner circle of the perianth ; then 
the three stamens of the inner circle, alternating with the 

ing, necessarily are opposite the three petals, as the first threele 
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opposite the sepals. These organs altogether are in four whorls 
of three, not in two of six members ; and the pistil at the centre, 
of three combined members, is the fifth and final whorl. 

359. The Barberry famity exhibits a similar seeming ante- 
position, which is more striking on account of a multiplication 
of the members of the perianth. The calyx is of six sepals in 
two circles, the corolla of six petals in two circles, the stamens 
equally six ; and so each petal has a stamen before and a sepal 
behind it. But, when properly viewed as a trimerous flower with 
double circles of sepals and petals as well as of stamens, all is 
symmetrical and normal. Menispermum in the related Moonseed 
famil}' is in the same case, but the flowei* is trimerous, as seen 
in Fig. 369 : in the male blossom this is obscured in the androe- 
cium (Fig. 368) by a multiplication of the stamens.^ The 
same thing occurs in the perianth and bracts of certain Clusiacese, 
in which the members counted as in fours are superposed, and 
in some of which the double dimerous arrangement wi^ apparent 
anteposition extends through the corolla ; while, in other closely 
related flowers, the corolla changes to simply tetramerous and to 
alternation with the preceding four sepals. This passes, in the 
same family and in the allied Ternstrosmiaceae, into 

360. Superposition by Spirals, as where five petals are ante- 
posed to five sepals, by an evident continuation of pentastichous 
ph^’llotaxy; and the stamen-clusters of Gordonia Lasiantlius 
are probably in this way brought before the petals.® The flower 
of Camellia is continuously on the spii^al plan up to the gynoe- 
cimn ; but upon one which, from the bracts onward, rises from the 
i to the § and f order or higher, throwing the petals of the rosette 
in a fhU-double flower into numerous more or less conspicuous 
vertical ranks. 

361. Anteposition in the Andrcecinm. It is in the andrcBcium 
that real anteposition is most common, and also most difficult to 
account for upon any one principle. Doubtless it comes to pass 
in more than one way. This condition is chiefly noticed when 
the stamens are definite in number, and mainly in isostemonous 
and diplostemonous flowers. (324.) 

362. With Isostemony. Vitis (Fig. 379-381), also Rhamnus 
(Fig. 415, 416), and the whole Grape and Buckthorn families of 

1 In Columbine (Aquilegia), multiplication of the stamens in successively 
alternating 6-merous whorls similarly bnngs the androecium into ten ranks; 
so, when these stamens in double flowers are transformed into hollow-spurred 
petals, these are set one into another in ten vertical ranks. 

3 Gen Illustr. ii. 1. 140. But the petals alternate with the sepals in the 
ordinary manner of the flower, though their strong quincuncial imbrication 
suggests the spiral arrangement. 
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which they are the types, afford familiar cases of a single circle 
of stamens placed before the petals. In Vitis, there are green 
nectariferous lobes or processes from 
the receiDtacle, alternate with and inside 
the stamens : there is no good reason to 
suppose that they answer to a second 
row of stamens. All isostemouous Por- 
tulacacese have the stamens before the 
petals ; and, when the stamens are fewer 
than the petals, those which exist occupy 
this position. Among the orders with 
gamopetalous corolla, such anteposition 
is universal in Plumbaginacese, Primu- 
lacese, the related Myrsinaccae, and in 
most Sapotacese, in the latter usually 
with some complications. 

363. The earliest and the most obvious explanation of the 
anomaly is that of the suppression of an outer circle of stamens, 
and to this view recent morphologists are returning.^ Observa- 
tion supplies no vestige of proof of it in Rhamnacese and Vitacese ; 
but, in the group of related orders to which the Primulaccm be- 
long, evidence is not wanting. For Samolus and Steironema 
both exhibit a series of rudimentary organs exactly in the place 
of the wanting circle of stamens, which may well be sterile fila- 
ments. In the allied order Sapotacese, while Chrj^sophyllum 
has in these respects just the structure of Primulacefle, and 
Sideroxylon that of Samolus, Isonandra Gutta (the Gutta-percha 
plant) has a circle of well-formed stamens in place of the sterile 
rudiments of the preceding ; that is, alternate with the petals, 



1 Eichler, Bliithendiagramme, passim, and in preface to Part II. xviii., 
relating chiefly to obdiplosteraony The principal opposing view is tliat of 
St Hilaire, Duchartre, &c , maintaining that corolla and stamens here ropre^ 
sent one circle of organs doubled by median chorisis ; upon which see note 
under a following paragraph. According to that hypothesis, there is no 
androedal circle in such blossoms, or only vestiges of one, but the petals have 
supplied the deficiency by a supernumerary production of their ownJ The 
more plausible hypothesis of Braun, that of a suppressed interior circle 
of extra petals, would restore the alternation, and make the extant sta- 
mens the fourth fioral circle, as does the adopted explanation. Braun's 
hypothesis, if it insists that an extra row of petals is wanting, supposes the 
suppression of that which very rarely exists ; but, if of stamens, then the 
supposed suppression is of that which is so generally present, or with indOi- 
cations of presence, as properly to be accotmted a part of the fioral type- 

EIG. 379 . Flower of the Grape Vine, oasting its petals befbre expansion. 380. The 
same, without the petals* both show the glands of the disk dlsUnetlyi Within tku» 
stamena 381. Diagram of the flower. 
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completing the symmetry of the blossom and the normal alterna- 
tion of its members. This explanation of the anteposition of a 
single circle of stamens is the more readily received, because it 
well accords with the idea here adopted, that the androecium 
of a typical flower should consist of two circles of stamens. 
(324. ) The only serious objections to this explanation rise out of 
the difficulty of applying it to analogous anteposition when both 
circles are present. 

364. For Diplosteniony^ the condition of two circles of sta- 
mens, each of the same number as the petals, is also itself very 
commonly attended by anteposition. In noimal or Direct 
Diphstemony^ — that which answers to the floral type com- 
pletely, — the antisepalous stamens (324, note) are the outer 
and the antipetalous the inner series, and the carpels when 
isomerous alternate with the latter and oppose the sepals ; the 
alternation of whorls is therefore complete, as in the diagram, 
Fig. 382. Such stamens, however, may actually occupy a single 

line or coalesce into a 
® © tube, without derange- 

ment of the type. But 
it as commonly occurs 
that the antipetalous sta- 
mens are more or less 
exterior in insertion, and 
then the carpels, when 
isomerous, are alternate 
with the inner and anti- 
sepalous stamens, and therefore opposite the petals, as in the 
diagram, Fig. 388. This arrangement takes the name of 
Ohdiplostemony. In it the normal alternation of successive 
whorls is interrupted, so as to produce anteposition, 

366. With Ohdiplostemony. This condition prevails, more or 
less evidently, in Ericaceae, Geraniaceae, Zygophyllaceae, Rutaceae, 
SaxiEhigaceae, Orassulaceae, Onagraceae, &c. (but in some of these 
with exceptions of direct diplostemony) ; also, accompanied 
by a peculiar multiplication of members (380), in Malvaceae, 
Sterculiaceae, and Tiliaceae. The explanation is difficult. The 
hypotheses maj" be reduced to three, neither of which is quite 
satisfactory. There is, first, the hypothesis of St. Hilaire, ap- 
plied to this as to the preceding case (to Rhamnus, Vitis, &c.), 
that these exterior antipetalous stamens belong to the ooroUine 
whorl ; in other words, that the petal and the stamen before it 

FIG. 382 Di^n^am of pattern flower with direct diplostemony 383 Diagram 
of nmilar flower with obdiplostemony. Both from Eichler’s Bltithondiagramme 
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(whether adnate to or f5ree from it) answer to one leaf which 
has developed into two organs a deduplication (372) taking 
place transversely. This makes the inner and 
antisepalous stamens the third floral circle 
or the only truly anckoecial one, and sym- 
metrically alternate with the petals on the one 
hand and the carpels on the other. The 
second hypothesis conceives that there is a 
whorl suppressed between these antipetalous 
stamens and the corolla : this, ideally restored, 
gives symmetric succession and alternation to all the succeeding 
whorls The five glands in a Geranium-flower, alternate with and 
next succeeding the petals (Fig. 384) , were plausibly supposed to 
represent this missing whorl, which according to Braun should be 
an inner corolla ; according to others rather a primary circle of 
stamens. The third is the recent hypothesis of Celakowsky^ 
which Eichler adopts : this regards the antipetalous stamens as 
really the inner or second circle, and conceives that in the course 
of development it has become external by chsplacement. The 
diflSculties of this hy’-pothesis are, first to account for this dis- 
placement, and then for the anteposition of the carpels to the 
assumed inner stamens in the groat majority of these cases. ^ 



1 In the first part of tlie Bluthcndiagramnie, Eichlor inchned to the first 
hypothesis, that of- St. Hilaire (now very much abandoned on account of 
the feeble evidence that tliere is any such thing as transverse or median 
chorisib), in the second, he discards this in favor of Colakowsky^s view 
(pubhshed in Regensburg Flora, 1876) As to members which are morplio- 
logically interior becoming exterior by outward displacement, Eichler cites 
the staminodia or sterile stamen-clusters of Pamassia (Fig. 400, 401), and 
the corresponding antipetalous stamens of Limnanthes, as clearly interior 
in the early flower-bud, but exterior at a later period ; states that the vascu- 
lar bundles which enter these stamens generally are either inner as respects 
those of the episepalous stamens or in line with them , that in some cases 
(as in many Caryophyllacess) the real insertion of the stamens is that of 
direct diplostemony, while the upper part of their filaments and the anthers 
are external to the episepalous senes ; that m most families with obdiploa- 
temony examples of direct diplostemony occur, and still more cases with both 
stamineal circles inserted in the same lino ; and that, as a rule, the episep- 
alous stamens are either later or not earlier fonned than the epipetalous. 
As to the position of the carpels before antipetalous stamens and petals, 
Oelakowsky suggests that this may result from the outward recession of 
those stamens affording more room there, while in the normal case the 
greater space is over the episepalous stamens. And, indeed, exceptions 
to the prevalent position are not uncommon both in direct diplostemony 

FIG. 384 Diagram (cross-section) of the flower of Geranium maonlatnm, exhibiting 
the relative poHitlon of parts, and the symmetrical alternation of circles, i. «. sepids, 
petals, greenittU bo<Ues called glands, antli>otalous stamens, antisepalous 8t«mett|» 
■carpels 
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866. The case of stamens in a cluster before the petals is a 
complication of either of the foregoing with a peculiar kind of 
multiplication, termed deduplication or chorisis. (372.) 


§ 7. Inobeased number of Parts. 

367. Augmentation in the number of floral members is one 
of the commonest modifications of the type. It occurs in two 
ways : 1st, by an increased number of circles or turns of spirals 
in the flower, which is Eegvlar Multiplication ; 2d, by the pro- 
duction of two or three or of many organs in the normal place 
of one, Chorisis or Deduplication. The flrst does not alter tbe 
normal symmetry of the blossom, although it may render it dif- 
flcult or impossible to trace or demonstrate it. The second 
apparently disturbs, or at least disguises, floral S3nnmetry. 
Either may be 'definite^ or of a constant and comparatively 
small number; or indefinite^ when too numerous for ready 
counting, or inconstant, as the higher numbers are apt to be. 

368. Begnlar Multiplication, or Augmentation of floral circles 
or spirals^ may affect any or all the four organs, but most com- 
monly the andrcBcium. When' the perianth is much increased 
in the number of its members, the distinction between calyx and 
corolla, or even between bracts and corolla, is apt to disappear, 
as in most Cactaceous flowers (Pig. 317), Nelumbium, Calycan- 
thus, &c. In these and similar cases, the members of the perianth 
are prone to take a spiral instead of cyclic arrangement ; and this 


and in obdiplostemonj Along with the lack of clear analogy to support 
St. Hilaire's hypothesis of transverse deduplication, the similar orientation 
of the vascular bundles in the petal and the stamen before it must, as 
Celakowsky insists, be good evidence that these represent independent 
leaves, and not superposed portions of one 

The main objection to the second hypothesis (that of a suppressed 
circle outside of the antipetalous stamens) is that this missing circle, 
whether of petals or stamens, is not actually met with in any nearly re- 
lated forms (for in Monsonia the fifteen stamens are otherwise explained) ; 
also that there are transitions, as above mentioned, between obdiplostemony 
and direct diplostemony. To Braim's theory that the glands behind the 
antisepalous stamens m true Geraniaceae answer to suppressed phylla, 
Eichler objects that these are present behind all ten stamens in Oxahdese ; 
also that all are wanting when the office of nectar-secretion, winch they sub- 
serve, is undertaken by some other part of the fiower, as by the calyx-spur 
in Pelargonium and Tropseolum The first objection is forcible : the second 
mixes morphological considerations with functional, and is inconclusive. 
Abortive organs, preserved for their utility as nectaries, might totally dis- 
appear when rendered useless by a different provision for the same function. 
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is even more true of greatly multiplied stamens and pistils, as 
in Magnolia and Liriodendron, most Anonacese, Ranunculus, 
Anemone, and the like. But in Aquilogia, where the number five 
is fixed in the perianth, the eychc arrangement with alternation 
of whorls prevails throughout 

369. The definite augmentation of calyx and corolla b}" the 
production of one additional whorl of each, and the seeming 
anteposition which comes of it when the androedum remains 
simply diplostemonous (in the manner of the Berberidacese, 
Menispermaceae, &c., 359) has already been explained. 

370. Similar increase to two whorls affecting the corolla only 
characterizes Anonaceae, Magnoliaceae, Papaveraceae, and Fuma- 
riaceae. In all but the last order, this is accompanied by indefi- 
nitely multiplied stamens, and mostly by an increased number of 
carpels. In Fumariacefle, which has dimerous flowers, there is a 
diminution by the suppression in most cases of half the normal 
androedum, and also an augmentation of the other half by 
chorisis. (372.) 

371. Parapetalous Multiplication. Under this head may be 
described an anomalous arrangement of augmented stamens 
which prevails in the order Rosacese, but is not peculiar to it.^ 
The simplest case, but a rare one, is seen in the 10-stamcned vari- 
ety of some Hawthorns, as occasionally in Cratfegus cocciuea and 
Crus-galli. The ten are in one circle and in pairs, the pairs 
alternate with the petals. Some would say the pairs arc before 
the petals ; but the space between two stamens before each petal 
is mostly rather wider than in the pair taken the other way. 
The ne:rt case in order, as in 15-stamened Hawthorns, and 
constantly in Nuttallia, adds to the above a simple interior cirde 
of five stamens, one directly before the middle of each petal. 
Next, as in most Pomese and many PotentillesB, there are twenty 
stamens, thus placed, but with an additional circle of five alter-* 
Bating with the preceding one. Next there are 26 in three 
circles, the second circle as well as the first having ten stamens ; 
and finally there are from 30 to 60, all probably in circles of ten 
each. There is little doubt that the circles develop in centri- 
petal order ; the inner successively the later.® 

1 It was first clearly described by Dr. A. Dickson, in Trans. Bot. Soc. 
Edinb. viii 468, and Seemann's Jour Bot. iv. 473 (1866), He introduced the 
term, parapetdom^ which is characteristic of it in its elementary form (264, 
note) : it is particularly illustrated by Eichler, in BlUthendiagramme, ii. 
495-^10. The former interprets it by chorisis, both median and collateral : 
the latter presents the facts and possible views, but declines to adopt either 
of them. 

^ Accordingly, the whole is probably to be explained by some modifica- 
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372. Ohorisis or Deduplication. Both these terms, and the 
ideas which they denote, originated with Dunal, but were first 
expounded Moquin-Tandon.^ The fiist word is Greek for a 
separating or separation. The second is a translation of Dunaf s 
French word dedoahlement (literall}' undoubling), the ainbiguitj^ 
of which, and of the original presentation of the case, long 
retarded the right apprehension of the subject. Diremption has 
been suggested (by St. Hilaire) as a proper term. The mean- 
ing simply is, the division of that which is morphologicallj" 
one organ into two or more (a division which is of course 
congenital) , so that two or more organs occupj’ the position of 
one. As thus used, chorisis is restricted, oi nearly so, to the 
homologues of leaves in the flower, and mainly to stamens and 
caipels ; the division or splitting up of a petal or a sepal, when it 
occurs, being expressed in the phi’ases which are applied to leaves. 
Yet a compound leaf, especially one of the palmate t;ype, is 
a good t}pe of chorisis, the several blades of a compound leaf 
answering to the single blade of a simple leaf. It has been ob- 
jected against the terms chorisis and deduphcation that they 
assume the division of that which has never been united ; but 
so equall}" does the established terminology of foliage. A di- 
vided leaf has never been entire. 

373 Chorisis is complete when the parts concerned are dis- 
tinct or separate to the very insertion, as in the stamen-clusters of 
Hjpencum. The foliar form of this would be represented hy 

tion of the augmentation of circles Dickson's hypothesis, tliat the two, 
three, or five stamens which are more or less in face of each petal are all 
deduplications of that petal, would come to he noticed under the next head, 
but it may be dismissed at once Yet that the pairs in the outer circle 
represent each an antisepalous stamen, divided hy chorisis (sometimes 
incompletely) and much separated, is not improbable. The other tenable 
explanation (which may be hamiomzed with the last) is that the outer 
circle of stamens here rightly consists of ten members, respectively alternat- 
ing with the sepals and petals taken as a whole This makes tiiem para- 
petalous, and at the same time brings them under Hofmeister’s general law 
that new organs originate over intervals of those preceding, m this case over 
the tenperianth-mteryals directly. It also accords with Hartog's elucidation 
of the accessory parts in the flower of Sapotaceae (in Trimen's Jour Bot 1878). 
The inner circles are there sometimes 6-merous after the primitive type, 
sometimes 10-merous m regular alternation to the preceding circles 
1 Moqum-Tandon, Essai des De'doublemens, &c , Montpellier, 1820; Con- 
siderations sur les Irregularit^s de la Corolle, &c , in Ann Sci Nat. xxvii. 
237, 1832; Tdratologie Veg^tale, 337. Dunal, Essai sur les Vaccini^es, 
1819, cited by Moquin (some pages printed, but never published) ; Conside- 
rations sur la Nature et les Rapports de quelques-uns des Organes de la 
Fleur, 1829 The next botanist to develop it was St. Hilaire, Morpliologie 
Vegetale, 1841 
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such sessile palmatel}’^ compound leaves as those of some species 
of Aspalathus. It is incomplete when dmsion does not extend 
to the base; as in Fig. 387, 393. Compare, as a 
proximate homologue of this, a petal of Mignonette, 

Fig. 385. But proper chorisis requires that the 
supernumerary organs should be developed like 
unto the original organ which is thus multiplied, or 
should complete their symiiietiy, Tvhatever it be. 

374. St. Hilaire distinguished two kinds of deduplication; viz., 
collateral when the members stand side by side, and parallel 
when an organ becomes double or multiple antero-posteriorly. 
The latter, sometimes called vertical^ and sometimes transverse, 
is better named median chorisis. The collateral is the origi- 
nal and typical chorisis. Most botanists incline to restrict the 
name to this, and to give some other explanation and name to 
the median form of augmentation. But some cases, such as 
those of Tiha and Spaimannia, are clearly of the same nature 
as the collateral, and may be a disguised form of it ; there are 
others which may be explained in accordance with it ; and there 
are such transitions between some of these and coronal out- 
growths that the tem chorisis is most conveniently made to 
comprise augmentation or doubling in either plane. Distinct 
anteposition, however, may be explained in other ways. (367.) 

375. Typical or Collateral Chorisis, in which the members, 
together answering to one leaf, normally stand side by side, 
occurs in many families of plants, and 
in a variety of forms. A few are here 
presented. 

376. Elodes Vii’ginica (a common 
marsh plant of the Hypericum family) , 
like most of its near relatives, has its 
calyx and coroUa on the plan of five, 
its stamens and carpels on the plan of 
three, as is shown in the diagram. Fig. 386. This makes a break 
in the symmetry between the corolla and the stamens ; but all 
within is in regular alternation when the three stamens of each 
cluster are counted as one as their union at base into a phal<mx 
(Fig. 387) may suggest. These phalanges alternate, with the 
three carpels, and therefore stand where single stamens belong. 
The three conspicuous green projections, which in a general way 



FIG 385. A petal of Mignonette (Beeeda odorata), with many parted blade, 
enlarged 

PTG, 386. Xhagram of flower of Elodee Vlrginlca, with three pholmges of stamene 
forming the inner circle, and three plotncla aaswerlxig to the outer circle. 387. A de- 
tached phaUmse of three stamens 
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are called glands^ alternate with the phalanges, and so are taken 
to represent the outer circle of stamens. The morphologist 
accordingly sees in the glands the homologues or representatives 
of the outer series of stamens, reduced to three by abortion, and 
in the three stamen-clusters only the three alternating stamens 
of the inner series, trebled by chorisis, and this chorisis incom- 
plete, because it has not quite divided the filament into three. 
In Hj’pericum, the glands are completely suppressed, each pha- 
lanx is almost or quite divided into a cluster, either of about 
three stamens each, as in H. Sarothra, or of a few more (in H. 
mutilum and H. Canadense) , or of an indefinite number, as in 
the common St. Johnsworts. Then in some other species (as 
in our H. pjTamidatum) the carpels and the stamen-clusters rise 
to five, realizing complete pentamerous symmetry", except that 
the almost numberless stamens aU belong to the one inner circle. 
Morphologically, they are comparable to the leaflets of five (or 
m most species three) 
decompound and ses- 
sile or almost sessile 
leaves. The indefinitely 
numerous stamens of 
Ricmus are similarly 
increased from five by 
compound ramification. 

377. Fumanaceae,the 
Fumitory family, may 
furnish the next illus- 
tration. The flower is 
on the plan of two 
(dimerous) throughout. 


392 393 389 888 

Taking Dicentra to show it, there is first a pair of small and 
scale-shaped sepals, not unlike the pair of bractlets on the 

EIO 388 Dicentra Cucullaria (Dutoliman’s Breeches), a scape in flower and a leaf, 
severed team the singular bulb (formed of the enlarged bases of petioles) 389 Detached 
flower, of natural si/e, showing also the pair of bractlets on the pedicel 390 Same 
with parts displayed, and 391, inner petals placed above 392. Diagram of flower of 
Dicentra or Adlumia, from a section across the summit. 393 One of the phalanges of 
stamens of Adlumia; upper part only. 
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are called glands^ alternate with the phalanges, and so are taken 
to represent the outer circle of stamens. The morphologist 
accordingly sees in the glands the homologues or representatives 
of the outer senes of stamens, reduced to three by abortion, and 
in the three stamen-clusters only the three alternating stamens 
of the inner series, trebled by chorisis, and this chorisis incom- 
plete, because it has not quite divided the filament into three. 
In Hypericum, the glands are completely suppressed, each pha- 
lanx is almost or quite divided into a cluster, either of about 
three stamens each, as in H. Sarothra, or of a few more (in H. 
mutilum and H. Canadense), or of an indefinite number, as in 
the common St. Johnsworts. Then in some other species (as 
in our H. pjTamidatum) the carpels and the stamen-clusters rise 
to five, realizing complete pentamerous sjnnmetry, except that 
the almost numberless stamens aU belong to the one inner circle. 
Morphologically, they are comparable to the leaflets of five (or 
m most species three) 
decompound and ses- 
sile or almost sessile 
leaves. The indefinitely 
numerous stamens of 
Ricinus are similarly 
increased from five by 
compound ramification. 

377. Fumariaceae, the 
Fumitory family, may 
furnish the next illus- 
tration. The flower is 
on the plan of two 
(dimerous) throughout. 


392 393 S89 888 

Taking Dicentra to show it, there is first a pair of small and 
scale-shaped sepals, not unlike the pair of bractlets on the 

EIG 388 Dicentra Cucullana (Dutcliman’s Breeches), a scape in flower and a leaf, 
severed from the singular bulb (formed of the enlarged bases of petioles) 389. Detached 
flower, of natural si/e, showing also the pair of bractlets on the pedicel. 390. Same 
with parts displayed, and 391, inner petals placed above 392, Diagram of flower of 
Dioentra or Adluraia, from a section across the summit 393 One of the phalanges of 
stamens of Adlumia, upper part only. 
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pedicel below (Fig. 389, 890) , and normally alternate whj^ 
alternate with these is a pair of large petals, deeply saccate--^ 
spurred below; alternate with these, a pair of smaller petals 
with spoon-shaped tips which cohere at the apex (the corolla 
therefore of two circles as in the related Poppy family) ; alternate 
with these, two phalanges or united stamen-clusters, of three 
stamens each ; alternate with these is nothing, for the second 
set of stamens is wanting ; alternate with this vacancy is a pair 
of carpels wholl}^ combined into a compound 2-merous pistil. 
The statement itself explains the morphology". The three sta- 
mens of each phalanx stand in the place of a stamen, and are 
the divisions of one. In Dicentra the members of the phalanx 
are almost separate ; in Adlumia (Fig. 393) and Corydalis the 
undivided filament reaches almost up to the anthers. The middle 
anther of the phalanx is noimal, or two-celled; the lateral 
anthers are one-celled, as if halved.^ 

1 Eichler adopts this interpretation (proposed m Gray, Gen. Illustr 
i 118), and applies it to the crucial instance of Hypecoum. In the flower 
of tins Old World genus, there are four apparently simple and complete 
stamens, one before each petal the simplest interpretation would be that 
which the facts appear to present, viz that both dimerous circles of stamens 
are complete and normal But Eichler— in view of the early development 
and the double vascular bundles of the stamens before the inner petals, and 
some occasional slight disjunction of their anther-cells — considers that 
the interior stamen-circle is wanting here, no loss than in the other genera 
of the order j that what here takes its place before each inner petal is a 
stamen composed of the adj'acent lateral member of the phalanx, congeni- 
tally severed from the group to which it belongs and soldered into one fila- 
ment, bearing the two one-celled anthers so brought together as to imitate a 
normal two-celled anther. The organogeny of the blossom is thought to 
favor this hypothesis; and it certainly favors the view here adopted of 
the composition of the three-membered phalanx of the family generally. 
If this interpretation of Hypecoum seems far-fetched, it is no more* so than 
itb exact counterpart, through which DeCandolle, Bindley, and others explain 
the case of the rest of the family. Starting with that genus as the simple 
type, they conceive that the stamen opposed to each inner petal is each 
severed into two, and that these half-stamens attached to the sides of the two 
intact stamens, thus producing the phalanges by coalescence. 

A good empincal conception of the formation, from a single leaf, of three 
stamens in Eumanacese, or two in Cruciferss, is afforded by the petals of 
Hypecoum, as illustrated by Eichler. The outer petals are slightly three- 
lobed from the apex; the inner are deeply so and narrower. The mem- 
bers of the next circle in the family generally are just such three-lobed 
bodies, the tip of each lobe transformed into an anther. There is an ap- 
parent congruity in the production by the symmetrical middle lobe of a 
symmetrical two-celled anther, and of a one-celled anther by each unsym- 
metrical lateral lobe or stipule-like portion. A fuller development of these 
sides of the leaf, and non-development of the middle portion (somewhat 
after the analogy of Lathyrus Aphaca, Fig. 219), with anther-formatioiv 
would convert the leaf into a pair of stamens.^ 
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878. The obTious relationship of Cruciferse to Fumariacese^ 
their agreement in the rare peculiarity of having the two carpels 
894 895 side by side instead of fore and aft 

(median), and the characteristic 
anomaly which the androecium pre^ 
sents (i. e. the tetradynamy), would 
give reason to expect that its prob- 
lems might be solved by chorisis. 
Indeed, the doctrine was applied to 
this, long before its application to 
the other order. Beginning at the 
centre (Fig. 895, &c.) , the pistil is 
oftwo carpels, right and left; alter- 
nate with these is a pair of stamens 
on the side next the axis, matched 
by another pair on the opposite 
side of the pistil, the four longer 
and interior stamens ; alternate 
vnth these, and lower in insertion* 
a single stamen on each side ; next, 
ibur petals, of somewhat various overlapping in sestivation, 
which essentially alternate with the two single stamens and the 
xwo pairs ; lastly, four sepals, alternating with the four petals as 
a whole, the anterior and posterior overlapping the lateral ones 
in the bud. Now the median e- the anterior and posterior) 
pairs of stamens occasionally have their contiguous filaments 
conjoined, as in Fig. 397. If this were at all constant, the 
inference would undoubtedly be that the case is one of chorisis, 
and that the flower as to its essential organs is dimerous. This 
is apparently the best explanation to be given. It assumes that 
the chorisis is normally complete in the androecium of Cruciferae, 
instead of incomplete, as in Fumariaceae.^ And this view is 
confirmed by the fact that the median stamens are simple and 



1 The hypothesis here adopted, as to the androecium, is that of Steinheil 
(1889), and of Eichler (in Flora, 1866, 1872, and Bluthend. li. 200), replacing 
that of Kunth, 1833, &c., employed in former editions The rejected view 
makes the flower 4-merous up to the pistil, and the stamens all of one circle, 
altematmg witli the four petals, the median stamens (as m our view) doubled 
by chorisis Krause and Wretschko (cited as above by Eichler) would 
have the floral circles 2-merou8 and 4-merous by turns ; the calyx of two 
2-merouB circles (which it plainly is) ; the corolla of one 4-merou8 circle 

FIG. 394. A cruciferous flower. 396. Diagram of such a flower, witli position of 
axis mariced above it 396. Tetradynamous stamens and the pistil. 397 A common 
monstrosity of the same, two of the four inner stamens oombined Into a common 
2-antherifdrous body 
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single in Senebiera and many species of Lepidium, in which the 
lateral or short stamens are at the same time abortive. 

379. It is quite possible that chorisis may be extended to the 
corolla of the cruciferous flower, and reduce the whole to a 
symmetrical 2-merous plan, and to congruity in the perianth 
also with Fumariaceae. The only obstacle is in the petals form- 
ing a whorl of foiu' where all the rest is 2-merous, for the sepals 
are manifestly two decussating pairs. Now the median petals 
of H}^ecoum are deeply 3-lobed. An abortion of their middle 
lobe would leave them almost two-parted : a little more would 
separate them ; then they would imitate the four cruciferous petals 
as in the diagram, Fig. 395. Appl 3 ung this view to Cniciferoe, 
the blossom in the two orders would accord in having a 2-meroue 
three-whorled perianth, the first and third whorls median ; ^ as 
also in the dimerous androecium, the first whorl of which is 
lateral. The difference is that in Fumariacese the two members 
of the first whorl of stamens augment by chorisis into three, and 
the second is wanting, or is present only in Hypecoum ; while in 
Cruciferse the first whorl is simple (of the two short stamens) , and 
the second is doubled. In Fumariaceae only the first whorl of the 
perianth counts as calyx, and 
the corolla is of two whorls ; 
in Cruciferse, the first and 
second whorls are cal}^, the 
inner sepals answering to the 
outer petals of Fumariaceie. 

380, Chorisis along with 
anteposition of stamens is well 
seen in Tilia or Linden, at least in the American species. In 
these the indefinitely numerous stamens are in five clusters, one 
before each petal (Fig. 398, 309), and there 5s a petal-lihe body 

alternating with the calyx-momhcrs as a whole ; the short atamons following 
as a 2-inerou8 circle ; then the long stamens as a 4-mcrous circle ; lastly the 
2-merou8 gynoocium. G. Henslow (m Trans. Linn. Soc scr. 2, i. 106) would 
have the flower 4-merou8 hy the suppression of the fifth raemhors of a 
5-merou8 type, and a further supprefesion of half of the remaining exterior 
stamen-circle, &c. Finally, there is the much hottcr-maintained view that 
the cruciferous flower ia 2-Tnorous throughout, as explained in the following 
paragraph, 379. 

1 This view was taken by Steinheil, fn Ann. Sci, Nat. scr. 2, 837 (1830), 
and is essentially reproduced hy a Russian hotamst^ Meschajeff, in Bull. 
Soc Imp. Nat. Mosc. 1872. 

FIG. 398. Uiagram of the flower of Tilia Americana, the common American Lin- 
den or Basswood. 

FIG. 399 A detached stamen-Olfister with its petal-like scale. 
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in each cluster with which the stamens cohere. The explanation 
by chorisis is that each cluster, petal-like body included, is a 
multiplication of one stamen. The diagram (Fig. 398) accu- 
rately shows that most of the stamens originate from the outer 
side of the base of the petal-like portion : this is most naturally 
explained by median chorisis. The superposition of the clusters 
to the petals will take the same explanation as that of Rhamnus, 
Vitis, &e. (Fig. 363.) That the androecium is here composed 
of the inner circle merely is partly confirmed by the alternation 
of the carpels with the clusters. According to Duchartre,^ the 
development of the androecium in a Mallow indicates a similar 
structure ; for the whole united mass originates from five protu- 
berances, one before each forming petal and connected with it, 
this by collateral chorisis forming a cluster of stamens, and the 
five clusters coalescing as they develop into a tube of filaments, 
such as in Fig. 485. Now Hibiscus and its near relatives have 
a naked tip to the stamen-tube, ending usually in five teeth ; 
and Sidalcea, as is most striking!}' shown in the Californian 
S. diploscypha, has two series of stamens, the outer (answering 
to those of Malva and its relatives) in five membranaceous pha- 
langes, superposed to the petals ; the rather numerous inner 
series, more or less in phalanges, suimounts an interior filament- 

tube. Whence it is inferred 
that these, and the five teeth 
terminating the column in 
Hibiscus, represent the in- 
ner stamineal circle which is 
wanting in Malva, as it is in 
Tilia.2 

381. The case of Pamas- 
sia would be explained as 
analogous to that of Tilia, 
but with the stamen-clusters before the petals wholly sterile, 
and of fewer divisions, while an inner circle of five stamens 



1 Comptes Rendus, 1844, & Ann Sci Nat. aer 3, iy. 123. Bnchartre and 
othere who draw freely upon median chorisis to explain anteposition, and 
consider that congenital union proves it, take the phalanges m these cases, 
l^e the single stamens in Vitis, to be an inner part of the petal itself. But 
this view appears to have had its day. 

2 Gray, Gen Illustr ii. 44, 67, 76-82. The position of the carpels before 
the petals in Pavonia and Malvaviscus bnngs the former into symmetrical 
alternation with such an inner stamen-circle ; but it is not so in Hibiscus, 
which has the carpels before the sepals 


FIG. 400 
FIG. 401, 


A petal of Pamassla Oarollniana, with a triple stamlnodliiixL before it. 
Df agram of the flower of Pamassla OaroUniaiUL 
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alternate with the petals forms the effective androecinm. For 
the scale-like bod}’’ before each petal, and even slightly adnate 
to its base (in P. Caroliniana about 3-parted, as in Fig. 400, but 
in P. palustris a thin scale, fringed with more numerous gland- 
tipped filaments) , is plainly outside the stamens in the full-grown 
flower-bud. But Eichler and Drude have found 
that it is inside in the early bud.^ Wherefore, if 
these stamen-like bodies reall}- represent a circle 
of the androecium, it must be the inner one ; and 
that is the more probable view. 

382. Multiplication by chorisis in the gynoecium 
is not common; but there are well marked in- 
stances of it in all degrees. In Drosera, the 
styles and stigmas are doubled (Fig. 402) ; in 
Malvacese, the same thing takes place in Pavonia 
and its allies; while in Malope and two other 
genera of the same order the few normal carpels are multiplied, 
evidently by chorisis, into an indefinite number of wholly distinct 
ones. 



§ 8. OUTOKOWTHS. 

383. Proper chorisis is the congenital multiplication of one 
organ into two or more of the same nature and office ; or at 
least into two or more organs, even if dissimilar, as in the 
American Lindens, in which one member of the cluster is a kind 
of petal. Between this and the production by an organ of ap- 
pendages, or outgrowths of little or no morphological signifi- 
cation, there are many gradations ; as also between these and 
mere cellular outgrowths from the surface, even down to 
bristles and hairs. The latter, in all their variety and modifica- 
tions, are properly outgrowths of the epidermis only, and there- 
fore consist of extended cells, single or combined, unaccompanied 
by vascular or woody tissue. To them has been given the 
general name of THchomes (Tnehoma^ pl. trichomata)^ that is 
structures of which hairs are the They may occur upon 

the surface of any organ whatever. Their morphologj^ is the 
morphology of cells rather than of organs. They will therefore 
be most conveniently illustrated under Vegetable Anatomy as 


1 Bicliler in PI. Brasil , Sauvagesiaesa, & Bluthend. ii. 424 j Drude in Xin- 
nsea, xxxbc. 239. Eichler refers to this as a confirmation of Celakowaky's 
explanation of obdiplostemony by posterior displacement. (365.) 

PIG 402, PiRtll of Drosera flliformis with trioarpellary ovary (transversely dtvided). 
and six styles, i e. three, and each two-parted. 
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respects their structure, and in the Glossary as respects ter- 
minology. 

384. But into some bristles, such as those of Drosera, a sub- 
jacent stratum of tissue enters, including one or more ducts or 
even some woody tissue. Prickles are of this class ; and fix)m 
the most slender, which pass into bristles, there are all grada- 
tions of stoutness and induration. Such outgrowths may even be 
fonned in most regular order, as the prickles on the calj^x-tube 
of Agrimonia and scales on the acom-cup of Oaks, and yet have 
no morphological importance. On the other hand, true represen- 
tatives of leaf or stem may, by abortion and depauperation, be 
reduced to the structure as well as the appearance of tiichomes. 
Examples of this are familiar in the pappus (answering to limb 
of the caljTs:) of many Compositse, and in the bristles which 
answer to perianth in many Cyperacese. The scarious stipules 
of Paronychia and of Potamogeton, the ligule of Grasses, and 
even the corolla in Plantago, are equally reduced to mere cellular 
tissue. So that the structural diflTerence between trichomes and 
outgrowths ^ is not at all absolute, and the morphological distinc- 
tion must rest upon other gi’ound than anatomical stocture. 

385. Among the coroUine outgrowths most akin to chorisis is 
the Grown ( Corona) of Silene and allied Caryoph^^Uacese, at the 

r junction of the claw 
with the blade of 
the petals (Pig, 403), 
the analogy and 
probable homology 
of which to the ligule 
of Grasses (Fig. 
150) is evident ; also 
the many-rayed fila- 
^ mentous crown of 

Passion-flowers (Fig. 404) , which consists of two or more series , 
of such outgrow^s. In Sapindus and some other Sapindacese, 
these ligular outgrowths or internal appendages are more like 
a doubling of the petal ; as also in Erythroxylum, where they 

1 This is the best English naxne for the Emergemsen of the Germans, the 
EpCtHastema of Warming, tSbc. For the development and discussion of this 
subject, see Warming, in Kjobenhavn Vidensk. Meddel. 1872, and a larger 
treatise on Bamiflcation in Phanerogams, Copenhagen, 1872. Also, IJhl- 
worm in Bot. Zeit 1873 ; Celakowsky in Elora, 1874 ; and Eichleris note on 
Emergenzen in Bliithendiagramme, L 48. 

710. 403. Petal of Silene Pexmsylvanica, with its crown, 

710. 404. Tlower of Passmora c^enxlea, reduced in size. 
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are often more complicated in structure. They are always on 
the inner face, and are commonly two-lobed or parted. 

386. Similar stamineal appendages are well known in Cuscuta 
(Dodder) , in Larrea (Fig. 405) and other Zj^gophyl- 
lacese, and less conspicuously in Gaura. 

387. To extend to them the name of Ligulb may 
not be amiss, whether they are regarded as mere 
outgrowths of floral leaves, without further morpho- 
logical relations, or whether they be, at least some- 
times, interpreted as the homologue of intrapetiolar 
stipules, as their ordinarily two-cleft form, and their 
coincidence in Erythroxylum with an intrapetiolar two-clefb stipule 
suggest. 


§ 9. Forms op the Torus or Receptacle. 


388. Torus is the more specific and proper name. Receptacle 
is the more usual. (303.) A normal receptacle of the flower 
would be that of Fig. 316, the apex of the flower-stalk somewhat 
enlarged, roundish or depressed, and with surface mainly cov- 
ered by the insertion of the several organs ; the several inter- 
nodes which it potentially contains being 
undeveloped. As the members of the flower 
multiply and occupy numerous ranks, the 
receptacle enlarges or lengthens to give them 
insertion or standing-room. 

389. Of elongated forms of receptacle. 

Magnolia and Liriodendron or Tulip-tree give 
familiar instances. The lengthening in the 
former is mainly for the support of both an- 
droecium and gyncecium ; in the latter, as in 
Myosurus, mainly for the gynoecium only. 

The fall of the matured carpels reveals it 
as a very slender or bodkin-shaped pro- 
longed axis. Of broadened forms, the Straw- 
berry, even in blossom, affords a familiar 
example. (Fig. 406.) In the same order, 

Rubus odoratus shows a very broad and flat 
receptacle : in roses, it is so deeply concave as to become the 
reverse of the strawberry (Fig. 407), being um-shaped with a 
narrow mouth, upon which the petals and stamens are borne. 



FIG. 405 Stamen of Laxrea Mexicana, with a conspionous ligulate appendage at 
the base within 

FIG. 406. Receptacle of a strawbeny in longitodlnal section. 407, SamectfaroM^ 
in diagram 





212 


THE ELOWEE. 


while the pistils line the walls of the cavity, the base or centre 
of this cavity answering to the apex of the strawberry. 

390. Sometimes intemodes are lengthened between certain 
members. In Schizandra, the receptacle, barely oblong in blos- 
som, lengthens greatly in frmting, so as to scatter the carpels 
on a long filiform axis. 

391. In many Gentians, in Stanleya and Warea among 
Craciferse, and in most species of Cleome, the internode of the 



receptacle between stamens 
and pistil is developed into 
a long stalk to the latter. 
Gynandropsis (Fig. 409) is 
like its near relative, Cleome, 
except that this very long stalk 
has the lower part of the 
stamens adnate to it : the in- 
temode between the corolla 
and calyx is broad and shghtly 
elevated (or in Cleome, &c., 
narrower and longer) ; and 
so the several floral circles 


are as it were spaced apart by this unusual development of 
receptacular intemodes. In Silene (Fig. 408) and many other 


plants of the Pink family, an intemode between the calyx and 
corolla is prolonged into a stalk or Stipe.'^ 


1 Stipe is the general name of a stalk formed by the receptacle or some 
part of It, or by a carpel. To distinguish its particular nature in any case, 
the following terms are more or less employed : — 

Thecaphobe, for a stipe which belongs to a simple pistil itself (where 
it is homologous with a petiole), and is no part of the receptacle, as in Coptis 
or Goldthread 

Gynophoeb, where the stipe is an intemode of receptacle next below the 
gynoBcium, as the pod-stalk in some Craciferse, Cleome, and Gynandropsis. 

Gobopboes, when it elevates both stamens and pistil, as it seemingly 
does in the lower stipe of Gynandropsis, Eig. 409 

Anthophore, when the stipe is a developed intemode between the 
calyx and corolla, as in the Pink family, Eig. 408. 

Gtnobabb is a term properly applied to a short and comparatively broad 
portion of receptacle on which the gynoecium rests, as m Rue and Orange 
(Fig. 414), Houndstongue, Sage, &c This may extend up between the caiv 
pels and pass into, or the upper part become a 

Carpophore, a name properly applied to a portion of receptacle which 
is prolonged between the carpels as a central axis, as in Geramum (Eig 
411) and many Umbelliferse, Eig, 412 

EIG. 408. Section of a flower of Silene Pennsylvanloa, diowlng the stipe or 
anthophore 

FIG 409. Flower of Gynandropsis, with floral ctroles separated on the 
receptacle. 
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392. Instead of forming a stalk, the elongation may be continued 
between the caipels in the form of a slender axis, as in Gera- 
nium (Fig. 410, 411), and in the carpophore 
of the fruit of Umbelliferie, Fig. 412. In 
Geranium, this prolongation of receptacle 




extends far above the ovaries as a beak, to which the styles arc 
adnate for most of their length. 

393. In Nelumbium (Fig. 413), the gynophore, or portion of 
receptacle above the stamens, is enlarged into a singular broadly 
top-shaped body, with a flat summit, in which the pistils (a dozen 
or more isolated carpels) are separately immersed. 

394. A Bisk is a part of the receptacle, or a development of it, 

enlarged under or around the pistil. When under it or around 
its base and free from the calyx, 
the disk is hypogynous^ as in 
Orange, Fig. 414. Here it is a \ 
kind of gynobase. When adher- 
ent to or lining the base of the 
calyx, it is periyynous^ as in 4 ,^ 

Rhamnus (Fig. 415, 416) and Cherry (Fig. 337) ; when carried 
by complete adnation up to the summit of the ovary, it is epigy- 
nous^ as in Cornus, in Umbelliferse, &c- Not rarely it divides 
into lobes, as in Vitis (Pig. 379, 380), in Periwinkle and most 
Apocynaceous plants, and in Cruciferm. These are termed glands 
of the disk, and indeed are commonly glandular or nectariferous. 



FIG. 410. Gyno0<niim ofCteraniummaculatum. 411, The same wltli fhiit mattur©, 
the five ovaries or cells and the lower part of their styles separated and rocurvlnj? away 
from the prolongation of the axis or reoeptade, to which they were at flowering-time 
firmly attached, 

PIG 412. Mature fruit of Osmorrhiaa, the two carpels splitting away helow from 
the filiform prolongation of the receptacle, or carpophore. 

PIG 418 The top-shaped receptacle of Nrtumhlnm, with the pistils, immersed in 
hollows of its upper face, 

PIG. 415. Flower of a Rhamnas or Bndethom, and 416, section of the same, lAKrtr- 
ing a thickened perigynous disk. 
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It is not possible by any direct demonstration to distinguish be- 
tween such productions of the receptacle, which are classed as 
belonging to the axis, and suppressed or undeveloped phyllous 
organs, such as stamens, which glands of the disk may some- 


times represent. 

895. HypantMnm. Inspection of Fig. 415, 416, and 387, and 
compai-ison with Fig. 339, will si^gest an explanation differ- 

ent from that which is generally 



adopted. Instead of regarding the 
calyx as beginning on a level with 
the base of the ovary, and the cup 
as lined, more or less thickly, by 
an expansion of the receptacle (the 
perigynous disk) , 
the calyx may be 
understood to begin 
where this and the 
ovary become free 
from each other. 
Underthatview,th<» 
receptacle, instead 
of convex or protu 
berant, is here con- 
cave, has grown up 
419 around the ovary. 



which, however, is free from the cup in the earlier cited figures, 
but immersed in it in Fig. 339 and the like. A comparison with 
a rose-hip, an apple, and a pear much strengthens this interpre- 
tation, which is rather largely adopted at this day, at least 
theoretically. It was perhaps first proposed by Link, who intro- 
duced the appropriate name of Hypanthum. A hj’panthium or 
hypanthial receptacle is, as the name betokens, a flower-axis or 
receptacle developed mainly under the cal^’x. The name is a 
good one, in any case ; and such structures as those of Galycan- 
thus (Fig. 417-419), a rose, a pear (the lower part of which is 
evidently an enlargement of peduncle), and of Cactus-flowers 
(Fig. 317), although quite compatible with the theory of adnation, 
are more simply explained by it.^ 


^ But, whether the cases are well distinguishable or not, it by no means 
follows that the receptacle plays such a part in all instances of perigyny and 
of inferior or partly inferior ovary. Such a view is attended by more diffi- 
culties than the other. Unless the mediation of an invisible receptacle must 

FIG. 417. Flowering blanch of Osdyoanth.us 418 Vertioal section of the nin-abaped 
receptacle, the imbricated bracts or sepals on its snr&ce out away. 418. Matnre 
finiotllbrous receptacle entire, showing some scars from which the hracts have fallen. 
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Section IV. Certain Adaptations op the Flower to the 
Act op Fertilization. 

§ 1. In General. 

396. The introduction into morphological botany of the con- 
sideratiors now to be mentioned should have dated from the 
3 *ear 1793, in which Christian Conrad Sprengel published his 
curious treatise on the structure of flowers in special reference 
to insect aid in their fertilization. For this book, which was 
wholly neglected and overlooked for more than sixty years, con- 
tains along with some fanciful ideas the germs of the present 
doctrine and many excellent illusti-ations of it. ^ The interest in 
the doctrine now prevalent is witnessed by a copious special 
literature, beginning with the publication, in 1862, of Darwin’s 
book on the feitilization of Orchids by the aid of insects.^ 

be invoked whenever there is a junction of two dissimilar organs, the petals 
and stamens of a Lythrum or a Cuphea are united with the calyx itself, 
instead of calyx beginnmg at the top of a long and simple tube. And if 
three or more of the floral whorls may be congenitally united, why not these 
also with the remaining one ** Van Theghem, in his Anatomie Comparee de 
la Fleur, maintains wholly the old view, founding it upon anatomical struc- 
ture and his ability to trace down to the base of the ovary the distinct 
vascular bundles of the several involved organs. 

^ C. C Sprengel, Das enldeckte Geheiraniss der Natur im Bau und der 
Befruchtung der Blumen, Berlin, 1703 Even earlier, Koelreuter ( Vorlaufige 
Nachricht, etc., 1761-1766) recognized the necessity of msect-aidto various 
blossoms, and described some special contnvances for the purpose. 

2 Charles Darwin, On the Various Contrivances by which British and 
Foreign Orchids are fertilized by Insects, and on the Good Effects of Inter- 
crossing, London, 1862. Ed. 2, 1877 Tliis last contains a list of the papers 
and books which bear upon the subject, published since 1862. 

Other leading works and papers on the subject are, exclusive of the 
other volumes and papers of Darwin, more or less referred to hereafter. 

Treviranus, Ueber Dichogaiiiie, &c., in Bot. Zeitung, xxi. 1868. 

Hugo von Mohl, Einige Beobachtungen liber dimorphe Bluthen, Bot. 
Zeitung, xxi. 1868 , 

Delpino, Pensieri sulla Biologia Vegetale, &c., 1867. Rclazione sull' 
Apparecchio della Fecondazione nelle Asclepiadie, &c., 1867. Ulteriore 
Osservazioni sulla Dichogamia, &c,, 1868-69, 1870, and later papers. 

Axell, Om anordningama for de Fanerogama Vixtemas Befruchtung, 
Stockholm, 1869 

Hildebrand, Die GeschlechteivVertheilung bei den Pflanzen, 1867, and 
other papers. 

Hermann Miiller, Die Befruchtung der Blumen durch Insekten, 1878, and 
papers in “ Nature ” and elsewhere. 

“Flowers and their Unbidden Guests,” an English translation of a work 
by Professor Kemer, which describes arrangements in blossoms for exclude 
5ng unwelcome guests, has not yet reached us. It introduces the new terms 
AutoQamti and Allogamy ^ defined on the following page ; the latter oompre- 
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397. The subject, here considered as a part of morphology, 
must be fully treated, as regards acts and processes, under physi- 
ology. Every thing in the flower is in relation to fertilization 
and fructification, directly or indirectly. This section is con- 
cerned with those adaptations of structure by means of which 
agents external to the blossom are brought into sen ice lor its 
fertilization. 

398. Linnaeus and his successors taught that the adjustments 
in hermaphrodite flowers were such, on the whole, as to secure the 
application of the pollen of its stamens to the stigma of its pistil 
or pistils. The present view is, that this is doubtless strictly 
secured in certain flowers of a moderate number of species, but 
never in all the flowers of any such species ; that in ordinary 
flowers, where it may commonly take place, it is not universal ; 
that in the larger number of species there is something or other 
in the floral structure which impedes or prevents it. Some 
flowers are adapted for close fertilization ; some for cross feiiili- 
zation ; some for either. Here two terms need definition, viz. : 

Glose fertilization or Selffertilization, or Autogamy, the applica- 
tion and action of a flower’s pollen upon its own pistil ; 

Grose fertilization, or AUogamy, the action of the j)ollen of one 
flower on the pistil of some other flower of the same species. 
This may be near, as when between flowers borne in the same 
cluster or on the same plant ; remote, when between flowers of 
distinct plants of the same immediate parentage ; most remote, 
when between different races of the same species. Any thing 
beyond this is hybridization, or crossing of species. 

§ 2. Adaptations for Axlooamy or Intercrossing. 

399. The doctrine now maintained appears to have been first 
propounded by Sprehgel in the statement that “ Nature seems 
to have wished that no flower should be fertilized by its own 
pollen,” — a proposition which is not wholly tenable, for there 
are blossoms specially adapted to self-fertilization. It was re- 
aflSrmed in our day by Darwin, in a similar adage, “ Nature 
abhors perpetual self-feitilization,” — a metaphorical expression 
to which no effective exception has been taken. And the infer- 
ence was drawn by him, that some important good to the species 
must result from propagation through the union of distinct 
individuals, and especially of individuals which have been dis- 
tinct for several or many generations. 

bending Geitonogamg, fertilization by pollen of other flowers of the same 
plant, and Xenogamy, by pollen from a flower on another plant 
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400. The actual proposition, simpty stated, is that flowers are 
habitually intercrossed, and that there are manifold structural 
adaptations which secure or favor intercrossing, to such extent 
as to justify the proposition. The proof of the proposition is an 
induction from a very great number of particular observ^ations. 
That intercrossing is beneflcial is a rational inference from the 
an*a3" of special adaptations for which no otlier sufficient reason 
appears, or (to resume the metaphor) from the vast pains which 
seem to have been taken to secure tins end. This inference has 
been to some extent confirmed by direct experiment.^ 

401 . Separation of the sexes is a direct adaptation to inter- 
crossing, rendering it necessary between individuals in dioecious, 
and largely favoring it in most monoecious and polygamous 
flowers. Strictly close fertilization can occur in hermaphrodite 
flowers only ; but it is in these that the most curious adaptations 
for intercrossing are revealed. 

402. The agencies to the one or the other of which most 
flowers are structurally adapted in reference to intercrossing are 
mainly two ; viz., the winds and animals, of these chiefly insects. 
Delpino has accordingly classified dowel's into Aneinopkilom and 
Entomophilous ; literally wind-lovers and insect-lovers, but de- 
noting wind-fertilized and insect-fei’tihzed, according to the 
agent by which pollen is transported.® There are hermaphrodite 
and unisexual flowers of both classes, but most wind-fertilized 
flowers are unisexual. 

403. Wind-fertillzable or anemophilous flowers are mostly neu- 
tral or dull in color, destitute of odor, and not nectariferous. 
Their principal structural adaptations to this end, besides the 
separation of the sexes in most of them, are the superabundance, 
incoherency, dryness, and lightness of the pollen, rendering it 
very transportable by wind and currents of air. The immense 
abundance of pollen, its lightness, and its free and far diffiision 
tlirough the air in Knes, Firs, Taxodium, and other Coniferie, 
are familiar. Their pollen fills the air of a forest during anthe- 
sis ; and the ‘‘showers of sulphur,’' popularly so-called, the 
yellow powder which after a transient shower accumulates as 
a scum on the surface of water several or many miles from the 


^ Darwin, The Effects of Cross and Self-Fertilization in the Vegetable 
Kingdom, JCondon, 1870 American Edition, New York, 1877. 

^ OrnithophiloHSf i e bird-fertilized, flowers are to be ranked with entonou)- 
ph^us. The large blossoms of Trumpet Creeper (Tecoma ra^cans) and 
of ^umpet Honeysuckle (Lonicera sempervirens), and others, are oommonly 
visited and probably fertilized by humming-birds as well as by moths ; toA 
other birds are known to play a similar part in equatorial regions*. 
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nearest source, testifies to these particulars. All amentaceous 
trees (Willows excepted) , Hemp, Hops, &c. , are wind-fertilized ; 
and, among perfect fiowers, those of most Grasses, Sedges, and 
Plantago- In the latter families especially, the anthers are pro- 
truded or hung out in the air only when just ready to discharge 
their pollen, and are at that moment suspended on suddenly 
lengthened capillary drooping filaments, fiuttering in the gentlest 
breeze ; and the stigmas are either dissected into plumes, as in 
most Grasses, or beset with copious hairs on which pollen is 
caught. One physiological adaptation, very common in the fol- 
lowing class, is not unknown among hermaphrodite wind-fertiliz- 
able flowers, where it is important for securing intercrossing, viz. 
Dichogamy, It is best seen in the common species of Plantago 
or Plantain, and is described below. (408.) 

404. Insect-fertilizable or entomophilous flowers are correlated 
with show^ coloration (including white, which is most showy at 
dusk), odm', or secretion of nectar, often b}” all three modes of 
attraction to insects combined. Some insects, moreover, visit 
flowers for their pollen, a highty nutritious article, and ordina- 
rily produced in such abundance that much may be spared. 
The showiness of corolla or other floral envelopes is an attractive 
adaptation to fertilization, enabling blossoms to be discerned at 
a distance ; nor do we know that fragrance or other scent or 
that nectar subserves any other uses to the flower than that of 
alluring insects. Adaptotions in the pollen of such blossoms 
for transportation by insects are various. Commonly the grains 
are slightly moist or glutinous, or roughish, or studded with 
projections, or strung with threads (as in OEnothera) , so as not 
to be readily dispersed in the air, but to have some slight 
coherence as well as capability of adhering to the head, limbs, 
or bodies of insects, especially to their rough surfaces; and 
in two families (Orchidacese, Asclepiadacese) the pollen is com- 
bined in masses and with special adaptations for being trans- 
ported en masse, (421.) With this the stigma is usually 
correlated, by roughness, moisture, or glutinosit}\^ 

405. Adaptations of ^e flower itself in reference to insect 
visitation are wonderfully various ; and most of these arc found 
upon investigation to favor, or often to necessitate, intercross- 
ing. In dicecious flowers, this is necessitated by the separation ; 
in monoecious and polygamous flowers, of various Irinds and 

^ Thus nearly every Orchid genus hut one has a persistently glutinous 
stigma ; in the exceptional one, Cypripedium, it is moist and minutely rough- 
ened, in correlation with the loosely granular or pultaceous pollen which it 
is to receive. 
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degrees of separation, pollen is very commonly borne from 
plant to plant ; in hermaphrodite flowers only are more special 
arrangements needed to secure intercrossing or a certain measure 
of it, and in these such arrangements abound. 

406. Irregularity is one of the commonest modifications of the 
flower (326, 337) : it is never conspicuous except in blossoms 
'vdsited by insects and generally fertilized by their aid ; and it 
finds rational explanation on the score of utility in this regard.^ 

407. Dichogamy, a term introduced b}' C. C. Sprengel, who 
first noticed and described it, is one of the most usual and effect- 
ual (rather physiological than morphological) adaptations for the 
promotion of intercrossing between hermaphrodite flowers. It 
means that such intercrossing is brought to pass by a difference 
in the time of maturity of anthers and stigma ; this rendering 
dichogamous blossoms practically the same as dioecious or mon- 
oecious in respect to fertilization, while there is the economical 
gain that all the flowers are fertile. According to whether the 
anthers or the stigmas are precocious, dichogamous flowers are 

Proterandrous (or Protandrous ) , when the anthers mature and 
discharge their pollen before the stigma of that blossom is recep- 
tive of poUen ; 

Proterogynous (or Protogyuous ) , when the stigmas are in 
receptive condition before the anthers have matured their pollen. 

Synanthesis^^ the matming of the two sexes simultaneously or 
nearly so, is however made to secure the same result through 
special arrangements. 

408. Proterogyny. The Plantains, such as Plantago major and 
P. lanceolata, are familiar instances of this in a wind-fertilized 
genus with hermaphrodite flowers. The gu^sis proceeds from 
base to apex of the spike in regular orderTand rather slowly. 
While the anthers are still in the unopened corolla and on short 
filaments, the long and slender hairy stigma projects from the tip 
and is receiving pollen blown to it from neighboring plants or 

1 This did not escape the attention of Sprengel in the last century, and 
along with it the fact that strictly terminal and also vortical flowers, whether 
erect or suspended, are seldom irregular, while comparatively horizontal or 
obliquely set flowers more commonly are so. The irregularity is in refer- 
ence to a landing place for the visiting insect, or also to storage of or accessi- 
bility to nectar, &c. 

Darwin (Forms of Flowers, 147) remarks that he does not Icnow of a 
single instance of an irregular flower which is wind-fertilized. 

2 Synaemy is the term proposed by A. W. Bennett, in Journal of Botany, 
viii. (1870), 316, with its opposite, Heteramy, for proterandry and proterogyny. 
The latter names, in their shorter form (protandry and protogyny), appear to 
have originated with Hildebrand, 1867. 
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spikes : a day or two afterwards, the corolla opens, the filaments 
greatly lengthen, and the four anthers now pendent from them 
give their light pollen to the wind ; hut the stigmas of that fiower 
and of all below it on that spike are withered or past receiving 
pollen. Among Grasses, Anthoxanthum is in the same case. 
The arrangement is somewhat similar to the Plantain in Amor- 
pha, which ia fertihzed by insects, the simple stigma projecting 
beyond the corolla in bud, while the anthers are still immature 



420 421 422 


and enclosed. Scrophularia is a good instance of proterogyny 
in flowers fertilized by bees. The flower is irregular (Pig. 
420-422) , and is approached from the front, the spreading lower 
lobe being the landing place. Pig. 420 represents a freshly 
opened blossom; and Pig. 421, a section of it. Only the style 
tipped with the stigma is in view, leaning over the landing place ; 
the still closed anthers are ensconced below. The next day or 
a little later all is as in Pig. 422. The style, now flabby, has 
fallen upon the front lobe, its stigma dry and no longer receptive : 
the now-opening anthers are brought upward and forward to the 
position which the stigma occupied before. A honey-bee, taking 
nectar from the bottom of the corolla, will be dusted with pollen 
from the later flower, ahd on passing to one in the earlier state 
will deposit some of it on its fresh stigma. Self-fertilization 
here can hardly ever take place, and only through some disturb- 
ance of the natural course. 

409. Proterandry. The process is the reverse, and is at- 
tended with much more extended movements in Clerodendron 
Thompsoniae, a Yerbenaceops tropical Afidcan climber now com- 
mon in conservatories- The adaptations in this flower (which 
we indicated long ago) are exquisite. The crimson corolla 
and bright white calyx in combination are very conspicuous.' 
The long filiform filaments and style, upwardly enrolled in the 

FIO 420, 421. Early opened flower o£ Sdephnlaiia nodosa, and a longltadinak 
secUca. 422 Flower a day or two later. 
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bud, straighten and project when the corolla opens : the stamens 
remain straight, but the st3'le proceeds to curve downward and 
backward, as in Fig. 423. The anthers are now dischai^ng 
pollen : the stigmas are immature and closed. Fig. 424 repre- 
sents the flower on the second day, the anthers effete, and the 
fllaments recurved and rolled up spirall}", while the style has 
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taken the position of the filaments, and the two stigmas now 
separated and receptive are in the very position of the anthers the 
previous day. The entrance by which the proboscis of a butterfly 
may reach the nectar at bottom is at the upper side of the orifice. 
The flower cannot self-fertilize. A good-sized insect flying firom 
blossom to blossom, and plant to plant, must transport pollen 
from the one to the stigma of the other. 

410. Proterandiy abounds among common flowers. It is 
conspicuous in Gentians and in nearly all that family. But, 
while in Gentians the short stylo is immovable and erect, in 
Sabbatia it is thrown strongly to one side, out of the way of and 
far below the stamens, the branches closed and often twisted, so 
that the stigma is quite inaccessible until the stamens have shed 
their pollen : then the style becomes erect, untwists, its two flat 
branches separate, and expose the stigmatic surface of their inner 
face in the place which the anthers occupied. In Sabbatia ' 
angularis, Lester F. Ward ^ observed that the anthers of fireshly 



1 In Meehan's Gardeners' Monthly, September, 1878, 278. 
F10. 428. Flower of Olerodendron Thompsofnlss, first day; 42^ seoond day. 
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Opened blossoms are aU thrown to one side almost as strongly 
as the st^de is thrown in the opposite dmection. One of our 
common Fireweeds, Epilobium angustifolium or E. spicatum, as 
it is variously called, which is common all round the northern 
hemisphere, is similar to Sabbatia in behavior. In the freshly 
opened flower, while the anthers are in good condition and are 


^ 4S6 

giving their pollen to bees, the still immature style is strongly 
curved downward and backward, as in Fig. 425. Two or three 
days later, when the pollen is mostly shed, the style straightens, 
lengthens to its full dimensions, and spreads its four stigmas over 
the line of the axis of the blossom (Fig. 426), in the verj* 
position to be pollinated by a bee coming from an earlier flower. 

411. In the following instances of proterandry, the style is 
made the instrument of distributing the pollen which it is not 

itself to use. The 
anthers of a Cam- 
panula discharge all 
their pollen in the 
unopened bud, and it 
is nearly all deposited 
on the style which 
they surround, the 
upper part of which 
is clothed with a coat 
of hairs for holding 
the pollen. (Fig. 427.) 
In the open flower, the stamens are found to be empty and withered, 
as in Fig. 428. TTiese flowers are visited by bees and other insects 
for the pollen. While this is going on, and while the pollen is 
fresh and plentiful, no stigma is apparent. Later, the top of the 
style opens into three (in some species five) short and spreading 
branches, the inner faces of which are the stigmas. Although 

FIG. 425, 426 Flowers of EpUobiiun aiigustifoUixm or spicattim; in the first, 
freshly expanded, in the second, a few days older, 

FIG 427. Vertical section of an unopened flower of Campanula rapunonloldee: 
the hioad white lines are sections of two anthers 428. Same of an older flower. 
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so close at hand, little if any of the pollen of that flower can 


reach the stigmas. These actually get fertilized 
brought by bees, which come loaded with it from 
other flowers and other plants. S^mipbrandr a diifers 
from a true Campanula chieflj" in the continued 
cohesion of the five anthers into a tube around the 
style. (Fig. 429, 430.) The pollen is discharged on 
and held by the hairy upper portion of the style. 
Soon after, the corolla expands, the lower 
part of the style lengthens, and carries 
the pollen-loaded part out of and above 
the anther-tube, as in Fig. 430 ; lastly, the 
three connivent tips of the style diverge 
and expose the stigmas to pollen mainly 
brought by bees from other flowers. By a 
slight further modification in Lobelia and 
in Composite^jpollen is pushed out of the 
anther-tube by the tip of the style as it 
lengthens, or by the very back of the two 
stigmas, the faces of which, afterwards 
exposed, are not to receive this, but other 



by pollen 



430 


pollen, though it may at times receive some of its own. The 
arrangement in Composite is here illustrated from Leptosyne 
maritima (Fig. 431-435), a showy plant of Southern California, 
now not very rare in cultivation. The large flowers around the 



VIG. 429. Stamens and pleta of a yffwag, and 480, aame from an old floweroC 
Symphyandra pendnla 

FIG. 481. Head of flowers of Leptosyne maritima, of the natutsl sine. 



THE FLO WEB. 


margin (ray-flowers, with ligalate corolla), one of which is sepa- 
rately shown in Fig. 432, are pistillate only : the enlarged and 

extended open part of the 
^ corolla (bright yellow in 

Jjl color) servos for attrac- 

i^on^ the circle of rays 
Ilf gives the appearance as 

M ^ single large flower. 

I flowers of the disk 

A whole central part are 

|l ^ hermaphrodite, and with 

W Ji narrow tubular corollas, 

from the orifice of which 
^ projects the greater part 

^ of the tube of five co- 

alescent anthers. The pollen is early discharged into the interior 
of this tube. The style, with somewhat enlarged and brush-like 

I tip, at first reaches only to the 
bottom of 'the anther-tube: it 
slowly lengthens, pushes the 
pollen before it out of the tube 
(Fig. 438) and into the way of 
insects of various kind, which, 
travelling over the surface, con- 
vey it to older flowers of the same 



head and of other plants. The slyle, elongating yet more, raises 
some of the pollen stiU higher (as in Fig. 434) ; and at length its 
two branches separate and diverge (Fig. 435) , exposing to other 
pollen the stigmatic receptive surface which until now was un- 
approachable. 

412. InParnassia, which has sessile stigmas, their receptive 
surface is actually not formed until the anthers become effete ; 


FIG, 432 A ligulate female flower of tbe same, and a central hermaphrodite flower 
433 Upper part of the latter, more enlarged, the tube of anthers projecting flrom the 
corolla, and the pollen projecting from apex of the anthei-tube, being pushed up by the 
lengthening of the etYle beneath 484. This style now projecting, and some pollen still 
resting on its tip 485. Tip of same style (more advanced an<l magnlfled); the two 
branches 8prea«iing, still carrying some pollen on the ai»ex each arm or b/anch, an<* 
bv the divercrence now exposing the stigmatio inner foces. 
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and, as the plants or stems are single-flowered, they are funcjtion- 
ally dioecious while structurally hermaphrodite. 

413. The adaptations for hermaphrodite intercrossing with 
synanthesis (407) , ^. e. where there is no essential difference of 
time in the maturing of anthers and stigma, ai*e manifold. 
They may be classed into those without and those with dimor- 
phism of stamens and pistils, or, in other words, those with 
Homogonous and those with Heterogonom flowers.^ 

414. The cases without dimorphism are the most various, 
certain families haring special 1^’pes; and are of all degrees, 
from those that require intercrossing to those that merely favor 
or permit it. For the present purpose, haring only morphology 
in view, it suflaces to bring to view two or three eases or t3^es of 

415. Particular Adaptations in hermaphrodite blossoms, not 


involving either di chogam y or dimorphism. These are exceed- 
ingly various ; but they may be distinguished into two general 


Mnds, namely: 1, where loose and 
powdei^" pollen is transported from 
blossom to blossom in separate grains, 
and 2, where pollen-masses or the 
whole contents of anthers are bodily 
so transported. 

416. Papilionaceous flowers (such 
as pea-blossoms, 338) — having ten 
stamens enclosed with a single pis- 


til in the keel 
of the corolla, 
their anthers in 
close proximity 
to the stigma — 
were naturally 
supposed to be 




self-fertilizing ; and so they sometimes are, yet with marked 


adaptations for intercrossing. None are less so than those of 


1 Terms proposed in Amer Jour. Sci. ser. 3, xiii, 82, and in Amer. 
Naturalist, January, 1877. Dimorphism in flowers may affect the perianth 
only, and not the yovii or essential organs ; or there may be two kinds of 
flowers as respects these also, but with no reciprocal relations, as in ddsUh 
gamous dimorphism (634) ; or of two kinds essentially alike except in stamens 
and pistil, and these reciprocally adapted to each other, which is heterogonous 
dmoiphism, or, when of three kinds, tiimorphUm, 

FIG 436 Flower of Wistaria Sinensis natural size. 487. Same enlarged, with 
standard, wings, and half the keel removed. 438. Same with the keel depressed, as It 
is when a bee alights on this its usual landing place, the olusier of anthers and stigma 
thus brought up against the bee’s abdomen. 438. Style and stigma, with part of the 
ovary, more^magniiled, a Cringe of fine bristles around the stigma. 

16 
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Wistaria (Fig. 436-439), in which the light fringe of stiff hairs 
around the stigma (shown in Fig. 439) would not prevent pollen 
of surrounding anthers from failing upon it. Yet when ,a bee 

alights upon the keel, 
with head toward the 
base of the flower, and 
proboscis is inserted 
for nectar between the 
foot of the standard 
and the keel, the latter 
is depressed by the 
weight, so that lie ab- 
domen of tlie insect is 
brought against the ten 
anthers and the stig- 
ma, becoming thereby 
smeai‘ed with pollen, 
some of which when 
other blossoms are vis- 
ited cannot fail to be applied to their stigmas. The veiy similar 
flower of Locust (Robinia) , like that of the Pea, adds an adapta- 
tion in favor of intercrossing. The style for some length below the 

J stigma is covered with a short beard of hairs, as is 
seen in Fig. 442. The anthers open early and dis- 
charge their pollen, which mainly lodges on this 
beard (Fig. 443), Jn a manner which may thus far 
be likened to the case of Campanula. (411.) The 
wings and the keel are yoked together, and are 
together depressed by the weight of an alighting 
443 bee. This does not bring out the anthers as in 

Wistaria, but these remain until effete within the sac, while the 
stigma and the poUen-laden part of the style (Fig. 441) ai^e 
projected against the bee’s abdomen, which, hy the oblique 
movement, is first touched by the stigma and next brushed o^'cr 
with pollen by the style below. So that, in visiting a succession 
of blossoms, some pollen of one flower is transferred to the body 
of the bee, and thence to the stigma of the next flower, which 
flower immediately gives to the same spot some of its pollen, to 
be transferred to the next flower’s stigma, and so on. 

417. Two special modifications of the papilionaceous type 




FIG, 440. Flower of Robmia lusplda, tlie standard and wings removed. 441 Same, 
as depressed by tbe weight of a bee, causing the stigma an<l poUen-larflen tip of the style 
to protrude. 442 Enlai ged section of same in the bud, leaving one keel-petcd, half the 
stamens, and the pistil in view. 443, Style and stigma at a later period, the beard 
loaded with pollen , more magnified. 
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need particular mention. One of them, the Bean-blossom, is 
well known to botamsts ; the other not so. The peculianty m 
the common Bean, Bhaseolus vulgaiis, and its neai*est relaU\ es, 
is that the keel, enclosing tJie stamens and pistil, is prolonged 



into a naiTOw snout which is spirally coiled (as in Fig. 444-446) ; 
that the stigma is oblique on the tip of the style, and the beard 
on the style is mainly on the same side that the stigma is : the 
wing-petals stand forward and turn downward, forming a con- 
venient landing place for bees. As in the Locust-blossom, the 
anthers eai*ly discharge their pollen, much of which adheres 



lightly to the beard of the style. In the untouched flower, all 
from first to last is concealed in the coiled keel. Press down the 
wing-petals, and first the stigma and then the pollen-laden tip 
of the style projects from the orifice : remove the pressure, and 
they withdraw within. When this pressure is made by a bee, 
resting on the wing-petals while searching for nectar within the 
base of the blossom between the keel and the standard, the same 
movement occurs : the stigma first, and then the pollen on the 
style, strikes against a certain portion of the front or side of 
the bee’s body, and the repetition of this operation causes the 
fertilization of each blossom by other than its own pollen. A 
slighter pressure or lighter movement of the wing-petals suffices 


PI0 444 Flower of Garden Bean, PhaseoltiB vulgaris 445 Same with wing- 
petals pressed down and tip of style projecting from the oridee of the keel 446. Same 
as 444 enlarged, and standard and wings removed 447. Upper part of keel, in the 
condition of 445, enlarged, showing plainly the projecting style. 448 Section of the 
keel, enlarged, showing the style within hefbre the anthers open: stamens for sake of 
oleamesR not delineated. 449. Pistil detached from an older dower , the bru^ loaded 
will: poUen. 
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to jostle some of the pollen down upon its own stigma, so that 
self-fertilization is not uncommon. 


418. Apios tuberosa, a near relative of Phaseolas, exhibits a 
different and equally curious modification of the same parts. 

wing-petals for landing place 
VN similar : the standard is pro- 
f if, portionally large, firm in texture, 

\ vV'JH ' \ shell-shaped or concave, with 

Jr / ^ small boss at the tip as seen from 

(yq y A y behind, or a shallow sac as seen 

^ ^451 from the front : the keel is narrow 

and sickle-shaped ; it arches across the front of the flower, and 
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standard. (Fig. 450, 452, 453.) So it remains if untouched until 
the blossom withers : no self-fertilization has ever been observed, 



and none ordinarily occurs. The anthers 
are assembled close around the stigma, 
but a little short of it (Fig. 452) ; the 
pollen is not early nor copiousl}" shed in 
the enclosure : the small terminal stigma 
is at first covered with a pulpy secretion, 
which at length collects into a soft ring 
around its base over or through which no 
pollen passes. But when the keel is liber- 
ated by Ufbing from underneath, it curves 
promptly into the shape shown in Fig. 


FIG 450 Flower of Apios tuberosa, xmvislted. 451. Same after visitation, the 
ke^ dislodged from the retaining notch, and more Incurved; the tip of th^style pro- 
truded and thrust forward, followed by the anthers 
FIG 462. Enlarged vertical section of flower-bnd of Apios tuberosa 468 A flower 
with half the standard cut away, to show the blunt apex of the keel resting in the 
notch. 454. Diagram of flower, with half of the standard cut away, to show what takes 
place when the ape:t of the keel is liberated The figures (also those from 423 to the 
present), and the flrst account of the adaptations of Apios, were published in the Amer- 
ican Agricnltunst In 1876. 
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451, or better in Fig. 454, where the dotted lines indicjate its 
original position ; and first the end of the style, tipped with 
its stigma, is pushed forward, and then the anthers come into 
view. The flowers are visited by humble-bees, and sometimes 
by hone 3 *-becs. In searching for nectar at the base of the flower, 
they^ probabl}" push forward into the space under the arching 
keel, and by slightly elevating dislodge its apex ; when first the 
stigma and then the anthers are brought against some portion 
of the insect’s bodj", and against the same poi-tion in succeeding 
blossoms, thus effecting cross-fertilization. This rationall}’ ex- 
plains a remarkable adaptation, which seems to be not otherwise 
intelligible. 

419. Special Adaptations* Two of these, each peculiar to 
the genus, may here be referred to. In Kalmia-blossoms (Fig. 



455-458), the anthers discharge the pollen through a small 
orifice at the apex of each cell, in this respect agreeing with 
Bhododendrons and their other relatives ; but 
none of them utilize this family peculiarity in the 
manner of Kalmia. In the flower-bud, each of the 
ten anthers is lodged in a small cavity or pocket 
(externally a boss) of the corolla, in a way analo- 
gous to that in which the keel of Apios is lodged in 
the tip of the standaixi (418) : the expansion of the 
border of the corolla in anthesis curves the fila- 
ments outward and backward ; and when the bowed 
stamens are liberated by rough jostling they fly up elastically, 
and the pollen is projected from the two oriflces. Some pollen 
may possibly be thrown upon the single small stigma at the 
tip of the style, which rises much above the stamens. But the 
anthers are not dislodged when undisturbed, at least until 
after the elasticity of the filaments is lost : they are dislodged by 
humble-bees, which circle on the wing over the blossom, *the 



FIG. 465 Vertical section of a flower-bnd of Kalmia latifolla, showing the anthers 
lodged m the pochets of the coroHn. 456, Expanded flower, with bowed 
4IH ywtleaIaMtlDaoftb«wvm.;. 468. A atameis, Mdwged. 
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under side of the abdomen frequently touching the stigma, while 
the proboscis is searching romid the bottom of the flower, liberat- 
ing the stamens in the process, which one by one project their 
pollen upon the under side of the insect’s bod}". In the passage 
from flower to flower, pollen is thus conveyed from the anthers 
of one to the stigma of another. 

420. Iris has three stamens, one before each sepal or outer 
lobe of the perianth, and behind each petal-like lobe of the style 

(I^g. 459) : the stigma, a 
shelf-hke plate of each lobe, 
is just above the anther; 
but, as the anther faces 
outward and the stigma is 
higher and faces inward, no 
pollen can find its way from 
the one to the other. But the 
adaptation of parts is admir- 
able for conveyance by bees, 
which, standing upon the 
only landing place, the re- 
curved sepal, thrust the head 
down below the anther, and 
in raising it carry off pollen, 
to be afterwards lodged 
upon the stigmas of other 
flowers which they visit. 

421. Transportation of Follinia, or of all the pollen in a 
mass, is effected in most of the species of two large orders, 
not otherwise allied, the Asclepiadaceae and the Orchidaceae. 
While in the Iris family the number of stamens is reduced from 
six to three, in aU the Orchis family, except Cj^pripedium, the 
stamens are further reduced to a single one ; but the poUen is 
peculiarly economized. That of Arethusa is in four loose and 
soft pellets, in an inverted casque-shaped case, hinged at the 
back, resting on a shelf, the lower face of which is glutinous 
stigma, over the front edge of which the casque-shaped anther 
slightly projects ; and this anther is raised by the head of a bee 
when escaping out of the gorge of the flower. The loose pellets 
of pollen are caught upon the bee’s head, to the rough sur- 
face of which they are liable to adhere lightly and so to be ^carried 
to the flower of another individual, there left upon its glutinous 

FIG. 469 Flower of Iris pumila, with front portion and half of one petalold style- 
lobe and stijprna cnt away The section of the stigma is seen edge'^se: the rough 
upper mirfflce only Is stimnatic. 
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stigma by the same upward movement which immediately after- 
ward raises the antlier-lid and carries away its pollen, to be 
transfeiTed to a thhd blossom, and so on. 

422. But it is m Orchis ^ 


and in the commoner re- 
presentatives of Orchis in 
Koi-th America (viz. Ha- 
benaria, <Scc.) that the 
most exquisite adapta- 
tions are found, and the 
greatest economy" se- 
■cured ; paralleled, how- 
ever, by most of the very 
numerous and various epi- 
phytic and b}" various ter- 
restrial Orchids of warmer 
regions. A single illus- 
tration may here suffice ; 
and Darwin’s volume on 
the Feiiilization of Or- 
chids (396, note), with 
its refeiences to the 
copious literature of the 
subject, may be studied 
for full particulars and 
their beaiings . The flower 
is ti’imerous, and the peri- 
anth adnate to the ovary, 
therefore apparently de- 
veloped upon its sum- 
mit. The three external 
parts of the perianth, 
which in Habenaria orbi- 
culata (Fig. 460) are 
much the broader, are the 
sepals: the three alternate 
and internal, the petals : 



the base of the long and narrow petal which is turned downward 
is hollowed out and extended below into a long tube, closed at 
bottom, open at top (the spur or nectarjO ? iJi which nectar is 


PTG 460 Flower of Habenaria or Platantliera orblcnlata, fttnarsrod 461. Combined 
fitamen and Btipfma, more enlarp^d 462 One of the two pollen-maBsee (poUima), with 
Itn stallc and gluttnouH disk ot gland. 462«. Lower part of tbis stalk and its <!Ud£,mora 
magnitltMl. 
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copiously secreted and contained. The central part of the 
blossom, beyond the orifice of the nectary (shown separately in 
Fig. 461), consists of one anther and a stigma, fused together 
(the clinandrium) : the marginal portions, opening by a long 
chink, are the two cells of the anther, approximate at their 
broader portion above, widely divergent below : most of the 
lower part of the space between is excessivel}’ glutinous, and is 
the stigma. The gi*ams of pollen are united by means of short 
threads of veiy elastic tissue into small masses, and these into 
larger, and at length into pellets, having stalks of the same 

elastic tissue, by which they are 
all attached to a fiimer central 
stalk, or caudicU. (Fig. 463-465.) 
To the lower end of this caudicle 
(directly to the end of it in our 
Habenariae and Orchises gener- 
ally, in this instance to the inner 
side of the end, with a thick inter- 
mediate base intervening), is at- 
tached a button-shaped disk, the 
face of which is exposed, and is 
on a line with the surface of the 
anther; so that these two disks 
look toward each other across the 
broad intervening stigmatic space, 
as seen in Fig. 461. The exposed 
face of the disk being covered with 
a durable layer of very viscid mat- 
ter, thebody itself is sometimes termed a gland, and not improperly. 
The viscidity is nearly of the same nature as that of the interven- 
ing stigma, of which the glands are generally supposed to be 
detached portions. If so, then a portion of the stigma is cut off 
from the rest and specialized to the purpose of conveyance of the 
pollen. When a finger’s end or any smaller body is touched to 
these disks, they adhere so firmly that the attached poIUnia or 
pollen-masses are dragged out of the cell and carried awaj' en- 
tire. Some of these pollen-masses have been found attached by 
the disk to the eyes of a large moth. WTien a moth of the size 
of head and length of proboscis of Sphynx drupiferarum visits a 
spike of these flowers, and presses its head into the centre of the 


FIG. 463 A more magnified pollen-ma«s of Platanfhera orbioulata. with Its stsJk 
and gland. 464 Five of the separate portions or pollen-packets, -with some of the 
elastic threads of tissue connecting them 466. A portion more highly -wltJi 

some of the pollen-grains in fours detached. 
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flower so that its proboscis may reach and drain the bottom of 
the nectariferous tube, a pollen-mass will usually be affixed to 
each eye: on withdrawal, 
these will stand as in Fig. 

466. Within a minute they 
will be turned downward 
(Fig. 466*), not by their 
weight, but by a contraction 
in drymg of one side of the 
thick piece which connects 
the disk with the stalk. 

When a moth in this con- 
dition passes from the last 
open flower of one spike to 
that of another plant, and 
thrusts its proboscis down a 
nectaiy, the transported pol- 
len-masses will be brought 
in contact with the large 
glutinous stigma: on with- 
drawal, either some of the 
small pellets of pollen will be 
left adherent to the stigma, 
the connecting elastic threads 
giving way ; or else a whole 
poUen-mass will be so left, 
its adhesion to the glutinous ^ * 

stigma being greater than that of the disk to the moth’s eye. 
The former is a common and a more economical proceeding, as 
then a succession of flowers are abundantly fertilized by one 
or two pollen-masses. In either case, new pollen-masses are 
carried off from fresh flowers and applied to the fertilization 
of other blossoms on the same and eventually on those of differ- 
ent individuals. Gases like this, and hundreds more, all equally 
remarkable, serve to show how sedulous, sure, and economical are 
the adaptations and processes of Nature for the intercrossing of 
hermaphrodite flowers. 

422». An arrangement analogous to that of Ordiids, and 
similarly subservient to cross-fertilization, characterizes the 
otherwise widely unlike Asdepias family. In Asdepias (Milk- 
weed) there are five stamens surrounding a large stig^tic 



FIG 46$ Front part of Sphynx drapltisranixDy bearing: a pollen-maM of Platan- 
thera orblcnlata affixed to each eye, in the eaviy poaltlon, 466 Front Tiewofthebead, 
later, showing the poUen-massea deflexfid. 
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body, and alternating with these five two-cleft glands, the ver- 
tical chink or groove of which is glutinous. To each gland is 
firmly attached, a caudicle or stalk, a pollen-mass of an ad- 
jacent anther. (Fig. 522.) A slight force upraising the gland 
detaches it from the stigma and drags the pair of suspended 
pollen-masses out of their cells. Insects visiting the blossoms 
commonly dislodge them, the gland adhering to their legs or 
tongues when these happen to be drawn through the adhesive 
chink, and convey them from one flower to another. Without 
such aid the flowers of Asclepias rarely set seed.^ 

428. Dimorphism, t. e. the case of two kinds of blossoms, both 
hermaphrodite, on the same species, is another adaptation to 
intercrossing. Not aU dimorphism, however, for in cleistogamous 
dimorphism (434) the intent to self-fertihze is evident. There 
may also be dimorphism as to the perianth, not particularly 
aflhcting fertilization. One kind, however, and the commonest, 
is a special adaptation to intercrossing, viz. : 

424. Heterogonous Dimorphism. (418, note.) This term is 
applied to the case m which a species produces two kinds of 
hermaphrodite flowers, occupying different individuals, the flowers 
essentially similar except in the androecium and gjncecium, but 
these reciprocally different in length or height, and the adapta- 
tions such that, by the agency of insects, the pollen from the 
stamens of the one sort reciprocally fertilizes the stigma of the 
other.* This dimorphism has been detected in about forty genera 
belonging to fourteen or fifteen natural orders, widely scattered 
through the vegetable kingdom ; but there are far more examples 
among the Rubiacese than in any other order. Sometimes all 
the species of a genus are heterogenous, as in Houstonia, and 


^ The reported sensitiyeness of the gland, referred to in the first issue of 
this volume (1879), was founded upon misinterpreted observations. 

* This peculiar arrangement has been long known in a few plants, such 
as Primula vens, P. grandiflora, and Houstonia. In Torrey and Gray's 
Flora of North America, ii 38, 89 (1843), these flowers are said to be dioecio- 
dimorphous, not denoting that they are at all unisexual, but that the two 
forms occupy different individuals Their meaning was detected by C. 
Darwin, and made known in his paper ** On the Two Forms or Dimorphic 
Condition in the Species of Pnmula, and on their Remarkable Sexual Rela- 
tions," published in the Journal of the Linnean Society, vi (1862), 77 : repub- 
lished, in 1877, as the leading chapter of his volume entitled *'The Different 
Forms of Flowers on Plants of the Same Species.” Mr. Darwin had termed 
these flowers simply Dimorphic; but in this volume he adopted Hilde- 
brand's name of Heteio^yled for this kind of blossom. The difference, 
however, affects the androecium, and even the pollen, as well as the style ; 
wherefore we proposed for it the name of H^erogonoms or Hetearog<me dimor* 
ubism, as mentioned in a former note, 413. 




ADAPTATIONS FOE. INTEECEOSSINO. 2ob 

Cinchona, sometimes only a part of them, as in Primula and 
Linum. In Hottonia, a Primulaceous genus of two species, the 
European one has heterogenous dimorphism ^ for cross-fertiliza- 
tion: the American one has homogenous showy flowers with 
only the general chance for intercrossing, and earlier flowers 
which are cleistogamous for self-fertilization. 

425. The nature of heterogonc dimorphism may be well under- 
stood from a single example. The most familiar one is that of 
Houstonia ; but, in lai’ger blossoms, Gelsemium is a fine illus- 
tration in the Southern United States, and Mitchella (Fig. 467) 
mostly in the Northern. Raised from the seed, the individuals 



4(i7 


are about equally divided between the two forms : namely, one 
form with long style and short or low-inserted stamens ; the 
other with short style and long or high-inserted stamens. The 
stigmas in one rise to about the same height as the stamens in 
the other, both in the tail or exserted organs and in their low 
and included counterparts, as is shown in Fig. 468, answering 
to the left hand and Fig. 469 to the right hand flowers of Fig. 467. 
A bee or other insect with proboscis of about the length of the 
ooroUa-tube, visiting the blossoms of Mitchella, will brush the 
same part of its body against the high anthers of the long- 
stamened and the high stigmas of the long-styled forms ; and 


1 C. C. Sprengel, as Darwin mentions, had noticed this, before 1793. He, 
with his usual sagacity, adds that he docs not believe the existence of 
the two forma to be accidental, though he cannot explain their purpose.*^ 
Darwin, Forms of Flowers, 51. 

Some hetcrogonous Pnmulas arc said to produce homogenous varieties in 
cultivation. In Primula, and in other genera, there are species which seem 
as if of one sort only, no reciprocal sort being known, as if one form had 
become self-fertile and the other had disappeared. 

FIG 467. Partridge Berry, MltoheUa repens, in the two forms, VLs. long«tamened 
and aliort-atyled, and short-stamened and long-styled. 
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the same part of the proboscis against the low anthers of the 
short-stamened and the low stigmas of the short-styled form. 

426. Moreover, Dar- 
I ^ 0 win has ascertained by 

the two dlders in size or 

fflHHf many cases (as in some 

^ own-form stigma, while 

it is prepotent on the other, and this reciprocally of the two 
forms.^ Here, then, are flowers structurally hermaphrodite, but 
fhnctionaUy as if dioecious, securing all the advantages of the 
latter, along with the economical advantage that both sorts of 
individual and every blossom may bear seed. With dioecism 
only about half the plants could be fruitful. 

427. Heterogonons Trimorphism. A threefold heterogonism 
is known in certain species of a few genera ; and this complica- 
tion may have certain conceivable advantages over dimorphism. 
Where seedling dimorphous individuals are few and far between 
(those multiplying from root would all be alike) , there would 
be an even chance that any two near each other were of the 
same form and therefore sterile or imperfectly fertile. But if 
the organization were of three forms, any two of which inter- 
crossed with perfect fertility, the chances (as Darwin remarks) 
are two to one that any two plants were of different forms, and 
therefore by fertilizing each other completely fruitful. 

428. The earliest known instance of three forms as to recip- 
rocal relative length of stamens and pistil is that of Lythrum 


1 Impotence of own pollen, either absolute or relative, occurs no less in 
certain flowers which are not dimorphous, as in Corydalis, some species of 
Passiflora, &c On the contrary, many dimorphous flowers are in a certain 
degree self-fertile, especially in the long-stamened and short^tyled form. 
These subjects are physiological, and belong to another volume. 

TIG 468 Long-styled flower of Tig. 467. laid open. 469. Long-stamened flower ef 
ttiA name laid onen Both equally enl^ged. 
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Salicaria.^ This was indicated by Vaucher in 1841, more par- 
ticularly described by Wirtgen in 1848, but was interpreted by 
Darwin, and the more recondite differences brought to notice, in 
1864.^ “ The three fonns may be conveniently called, from the 

unequal length of them pistils, the long-styled, mid-st^ded, and 
shoi-t-styled. The stamens also are of unequal lengths, and 
these may be called the longest, mid-length, and shortest/’ 
The pollen of the different classes of stamens is of two sorts as 
to color, and of three as to size, the largest grains from the 
largest stamens. “ The pistil in each form differs from that in 
either of the other forms, 
and in each there are two 
sets of stamens, different 
in appearance and func- 
tion. But one set of 
stamens in each form 
corresponds with a set 
in one of the other two 
forms. Altogether, this 
one species includes three 
females or female organs, 
and three sets of male styled 
organs, all as distinct 
from one another as if 
they belonged to different 
species ; and, if smaller 
functional differences are 
considered, there are five 
distinct sets of males. Two of the three hermaphrodites must 
coexist, and pollen must be carried by insects reciprocally 
from one to the other, in order that either of the two should bo 
full}" fertile ; but, unless all three forms coexist, two sets of 
stamens will be wasted, and the organization of the species as 
a whole will be incomplete. On the other hand, when all three 
liormaphrodites coexist, and pollen is carried from one to the 
other, the scheme is perfect : there is no waste of pollen and no 

1 In an article On the Sexual Belations of the Three Forms of Lythrum 
Sallcana, in Jour Linn. Soc. viii. 169. Also on the Chara<*ter and Hybrid- 
like Nature of the Offspring of the Illegitimate Unions of Dimorphic and 
Trimorphic Plants. Ibid. x. 898, 1868. Bepniduced and extended in his 
volume entitled ‘'Forms of Flowers," 1877 

PTO, 470 TMagram of the flowers of the three forms of Lythrum S*Uicaria, in their 
natural poMtion, with the petals and calyx removed on the near side. The dotted 
lines with the arrows show the directions in which pollen must be canted to each 
stigma to ensure full fertility, (Prom Darwin, i 
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false coadaptation.” The whole arrangement is displayed in 
the annexed diagram (Fig. 470), and in the following account 
of the operation.^ “ In a state of nature, the flowers are inces- 
santly visited for their nectar by hive and other bees, vanous 
Diptera, and Lepicloptera. The nectai’ is secreted all round the 
base of the ovarium ; but a passage is formed along the upper 
and inner side of the flower by the lateral deflection (not repre- 
sented in the diagram) of the basal portions of the filaments ; 
so that insects invaiiablj' alight on the projecting stamens and 
pistil and insert their proboscides along the upper and inner 
margin of the corolla. We can now see why the ends of the 
stamens with their anthers and the end of the pistil with the 
stigma are a little upturned, so that they may be brushed by 
the lower haiiy surfaces of the insects’ bodies. The shortest 
stamens, which lie enclosed within the calyx of the long- and 
mid-styled forms can be touched only by the proboscis and narrow 
chin of a bee : hence they have their ends more upturned, and 
.they are graduated in length, so as to fall into a narrow file, 
sure to be raked by the thin intruding proboscis. The anthers 
of the longer stamens stand laterallj” farther apart and are more 
nearly on the same level, for they have to brush against the 
whole breadth of the insect’s body. . . Now I have found no 
exception to the rule that, when the stamens and pistil are bent, 
they bend to that side of the flower which secretes nectar. . . . 
When nectar is secreted on all sides, they bend to that side 
where the structure of the flower allows tlie easiest access to it, 
as in Lythrum. ... In each of the three forms, two sets of sta- 
mens correspond in length with the pistil in the other two forms. 
When bees suck the flowers, the anthers of the longest stamens, 
bearing the green pollen, are rubbed against the abdomen and 
the inner sides of the hind legs, as is likewise the stigma of the 
long-styled form. The anthers of the mid-length stamens and 
the stigma of the mid-styled form are rubbed against the under 
side of the thorax and between the front pair of legs. And, 
lastly, the anthers of the shortest stamens and the stigma of the 
short-styled form are rubbed against the proboscis and chin ; for 
the bees in sucking the flowers insert only the front pai-t of their 
heads into the flower. On catching bees, I observed much green 
pollen on the inner sides of the hind legs and on the abdomen, 
and much yellow pollen on the under side of the thorax. There 
was also pollen on the chin, and, it may be presumed, on the 
proboscis, but this was difficult to observe. I had, however, 


* AH from I>arwin, Forms of Flowers, 187-147, &c. 
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independent proof that pollen is carried on the proboscis ; for a 
small branch of a protected shoit-st^ded plant (which produced 
spontaneously only two capsules) was accidentally left during 
several days pressing against the net, and bees were seen insert- 
ing their proboscides through the meshes, and in consequence 
numerous capsules were formed on this one small branch. . . . 
It must not, however, be supposed that the bees do not get more 
or less dusted all over with the several kinds of pollen ; for this 
could be seen to occur with the green pollen from the longest 
stamens. . . . Hence insects, and chiefly bees, act both as 
general carriers of pollen, and as special earners of the right 
sori.” 

429. Finally, a long series of experiments (requiring eighteen 
distinct kinds of union) proved that both kinds of pollen ai-e 
nearly or quite impotent upon the stigma of the same flower, and 
that no ovary is fully fertihzable by other than a “ legitimate 
union,” i, e, by stamens of the corresponding length ; but that 
the mid-length pistil is more prolific than either of the others 
under illegitimate union of either kind ; which might perhaps be 
expected, as the pollen proper to it is intermediate in size of 
grains between that of the long and that of the shortest stamens. 

430. Nessea verticiUata, a common Lythraceous plant of the 
Atlantic United States, is similarly tiimorphous, but has not 
yet been particularly investigated. Several South African and 
American species of Oxalis are equally trimorphous, and have 
been investigated by Darwin and Hildebrand,^ with results 
quite as decisive as in Lythnim Salicaria- One genus of 
Monocotyledons has trimorphous blossoms, viz. Pontederia, of 
which the North American P. cordata is a good illustration,® 

431. All known flowers exhibiting reciprocal dimorphism or 
trimorphism are entomophilous : no such wind-fertilized species 
is known. Few of them are in-egular, and none veiy" irregular ; 
they do not occur, for instance, in Legnminosm, Labiatse, 


1 Monatsber. Akafl Berlin, 1860; Bot Zeit 1871, &c. According to 
Darwin, Fritz Mueller “ has seen in Brazil a large field, many acres in extent, 
covered with the red blohsoms of one form [of an Oxalisl alone, and these 
did not produce a single seed. His own land is covered with the short^tyled 
form of another species, and this is equally sterile; hut, when the three 
forms were planted near together in his garden, they seeded freely.” Forms 
of Flowers, 180. 

2 Detected by W IT. Leggett. See Bulletin of Torrey Bot. Club, vi. 62, 
170 ; and for the original discovery in Brazilian species, by Fritz Mueller, 
see Darwin's Forms of Flowers, 183, &c. Pontederia has three lengths of 
style and counterpart stamens, as in Lythrura Salicaria, each flower having 
two sets of stamens, three in each set. 
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Scrophnlariacese, Orchidacese, &c. Nature is not prodigal, and 
does not endow with, needless adaptations flowers which are 
otherwise provided for. 

§ 3. Adaptations for Close Fertilization. 

432. Even where cross-fertilization in bisexual flowers is 
obviously arranged for, it is apt to be tempered with more or 
less of close-fertilization. The more exquisite the arrangements 
for the former are, the more completel}^ is the plant dependent 
upon insect visitation. Failure to intercross is a remote and 
small evil compared with failure to set seed at all. In order 
therefore that the plan of cross-feitihzation may not defeat even 
its own end, through too absolute dependence on precarious 
assistance, some opportumty for self-fertilization will usually be 
advantageous. Also there is a long aiTay of insect-visited 
flowers, especially pol 3 ’androus ones, in which close fertilization 
must be much the commoner result, except where the pollen of 
another but wholly similar flower has greater potenc 3 \ 

433. Subsidiary self-fertilization is secured in a great variety 
of ways. In Gentiana Andrewsii, which is proterandrous, and 
usually cross-fertilized by humble-bees entering bodily into the 
corolla, an exposed surface of pollen long remains fresh upon 
the ring of anthers girding the base of the style : when the stigmas 
separate, they remain for some da^'s simply divergent, but they 
at length become so revolute that the receptive surface is brought 
into contact with the ring of pollen below. The opening and 
closing of blossoms by day or night, the growth of style, fila- 
ments, or coroUa after anthesis commences, or other changes of 
position, may secure a certain amount of self-fertilization in a 
subsidiary or even in a regular way. Then certain species, such 
as Chickweed, which blossom though a long season, close- 
fertilize even in the bud in early spiing, when insects are scarce, 
but are habitually intercrossed b}" insects in summer. Somewhat 
similarly, according to Hermann Mueller,^ certain species, such 
as Euphrasia ofl9icinalis and Rhinanthus Crista-galli, habitually 
produce two kinds of blossoms, one larger and more showy, 
usually affecting sunny localities, and with parts adapted to 
intercrossing by insects ; the other smaller or inconspicuous, and 
with anthers adjusted for giving pollen to the adjacent stigma 
without aid. There are gradations between these last arrange- 
ments, and the more special and remarkable one of dimorphism 
with 


1 Befnichtung der Blumen durch Insekten, 294 ; Nature, viii, 438. 
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434. Cleistogamy. Here the intention and the accomplishment 
of self-fertilization are unmistakable. This peculiar dimoiphism 
consists in the production of ver}' small or inconspicuous and 
closed flowers, necessarily self- fertilized and fullj' fertile, in 
addition to ordinary, conspicuous, and much less fertile, though 
perfect flowers. Two cases were known to Linnaeus, ^ and one 
of them to Dillenius before him ; those of VioIsl have long been 
familiar in the acaulescent species ; Adrien Jussieu made out 
the structure of the cleistogamous flowers in certain Malpighiaceae 
in 1832, and recorded in 1843 that Adolphe Brongniart had well 
investigated those of Specularia, and that Weddel had discov- 
ered them in Impatiens Nolitangere. A full account of the then 
known cases was given by MohH in 1863 ; but D. Mueller, of 
Upsala, who examined Viola canina, is said by Darwin to have 
given,® in 1857, “ the first full and satisfactoiy account of an}' 
clcistogamic flower.” The appropriate name of cleistogamous 
was given by Kuhn,^ in 1867, and is now in common use. 

435. Cleistogamous flowers are now known in about 60 genera, 
of between twenty and thirty natural orders, of very vaiious 
relationship, though all but five are Dicotyledons. All but the 
Grasses® and Juncus are entomoplnlous as to the ordinary 
flowers, and most of these such as have special arrangements for 
their intercrossing, either by dichogamy, heterogone dimoi'phism 
or trimorphism (in Oxalis) , or such special contrivances as those 
of Orchids. 

436. It has been said that the ordinaiy flowers in such plants 
are sterile, and perhaps they always ai’c so except when cross- 
fertilized: in most cases they are habitually infertile or spar- 
ingly fertile. Probably they suffice to secui*e in every few 
generations such benefit as a cross may give, while the principal 


1 Campanula (now Specularia) perfoliata and Ruellia clandestina, the 
latter a cleistogamous state of E tuberosa. Linnseus did not make out tlie 
structure of the flowers, but supposed th(‘m to want the stamens. 

2 In Bot Zwtung, xxi. 309. 

« In Bot Zoitung, xvi. 730. 

* Ibid. XXV 06. Tho name (denoting "closed up " union or fertilization) has 
been written ckistogonons^ which is not so proper. We prefer cleistogamous to 
deistwjamic (and so of similar terms), as best harmonizing with the Latin 
adjective form, both in form of termination and in euphoniously taking the 
accent upon tho antepenult, 

® Amphicarpum (Milium amphicarpon, Pursh) is the earliest recognized 
cleistogamous Grass, except perhaps I^eersia oryzoides. Some species of 
SporoboluB are like tho latter, and Mr. 0, Q. Pringle has recently detected 
such flowers (‘oncealed at the base of the sheaths in Danthonia, Amer- 
Jour Rci Jsiiunry, 1878, 71, 
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increase is by cleistogamous self-fertilization, which thus offsets 
the incidental disadvantage of the former mode. 

437. In general, the cleistogamous are like unto the ordinaiy 
flowers arrested in development, some arrested in the almost 
full}' formed bud, most at an earlier stage, and in the best 
marked cases with considerable adaptive modification. In 
these, “their petals are rudimentary or quite aborted; their 
stamens are often reduced in number, with anthers of very small 
size, containing few pollen-grains, which have remarkably thin 
transparent coats, and generally emit their tubes while still 
enclosed within the anther-eeUs ; and, lastly, the pistil is much 
reduced in size, with the stigma in some cases hardl}' at all 
developed. These flowers do not secrete nectar or emit any 
odor : from their small size, as well as from the corolla being 
rudimentary, they are singularly inconspicuous. Consequently, 
insects do not visit them ; nor, if they did, could they find an 
entrance. Such flowers are therefore invariably self-fertilized ; 
yet they produce an abundance of seed. In several cases, the 
young capsules bury themselves beneath the ground, and the 
seeds are there matui’ed. These flowers are developed before, 
or after, or simultaneously with the perfect ones.” ^ In Grasses, 
however, as in some Dicotyledons, there is much less modifica- 
tion and more transition. For when Leersia half protrudes its 
panicle, in the usual way, the included half is fertile and the 
expanded portion sterile (or almost always so), although the 
flowers may open and exhibit well-developed anthers, ovaries, 
and stigmas. But when similar panicles remain enclosed in the 
leaf-sheaths, they are mostly fruitM throughout. 

438. Fully to apprehend the economy of cleistogamy in pollen- 
saving alone, — and contrariwise to estimate the expense of 
intercrossing, — one should compare the small number of pollen- 
grains which so completely serve the purpose in a typical cleis- 
togamous flower (say 400 in Oxalis Acetosella, 250 in Impatiens, 
100 in some Violets) with the several thousands of all entomo- 
philous cross-fertilized flowers, rising to over three and a half 
millions in the flower of a Peony, also their still greater number 
in many anemophilous blossoms. To this loss should be added 
the cost of a corolla and its action, also of the production of 
odorous material and of nectar. No species is altogether cleis- 
togamous. Thus cleistogamy, with all its special advantage, 
testifies to the value of intercrossing. 


1 Darwin, Forms of Flowers, 810. 
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SEcnosr V. The Perianth,^ or Calyx and Corolla m 

PARTICULAR. 

439. The distribution of the floral leaves around the axis^ 
which belongs to phyllotaxy, and their particular disposition in 
the bud (aestivation) , have already been considered in Chap. IV, 
Sect. I., II. And most of the morphology of cal 3 ’x and corolla 
has been outlined in the preceding sections of the present chap- 
ter. What remains chiefly relates to paiiaculars of form and 
to terminology. 

440. Duration. The difierences in this respect give rise to a 
few terms, such as the following. Calyx or corolla may be 

Persistent^ not cast off after anthesis, but remaining unwithered 
until the fruit is formed or matoed ; as the calyx in Labiatse, in 
Ph^^salis, and most Roses. 

Marcescent^ withering or drying without falling away ; as the 
corolla of Heaths, Drosera, &c. 

Deciduom^ falling after anthesis and before fructification ; as 
the petals of Roses, the calyx and corolla of Columbine. 

Ephemeral or Fugacious^ lasting for only a day ; as the petals 
of Poppy, Helianthemum, Purslane, and Spiderwort. In the 
two former, they are cast or earty deciduous, the anthesis lasting 
but a day : in the two latter, the anthesis is equally or more 
brief, but the petals deliquesce or decay at once without falling, 
as does the whole flower of Cereus grandiflorus and other night- 
blooming Cactacem. 

Caducous^ falling when the blossom opens ; as the calyx of 
Poppy and Baneberry. 

. 441. ]!fiunerical Terms, succinctly denoting the number of 
leaves, either of the perianth as a whole, or of any one of its 
circles, are common in descriptive botany. The most general 
are those which simply specify the number of component leaves, 
by prefixing Greek numerals to the Greek name of leaves, ex- 
pressing them in Latin form, or transferring them to the Eng- 
lish. Thus 

JDiphyllous^ of two leaves (sepals or petals) ; Triphyllous^ of 
three ; Tetraphyllous^oifoxa ; Pentaphyllous^ of five ; JSexaphyllow^ 
of six, and so on. A tulip and a Tradescantia flower have a 
hexaphyllous perianth, but composed of two circles, answering 
to cal^^x and corolla ; each TriphylUtus^^ When the character 

1 Perianthiwnj alias Perigone or Perigonium* (296.) 

« As elsewhere explained, when numerical composition is indicated without 
reference to nature of parts, the terms dimerous, trinieroust tetramsrouSf penta 
merous, &c., may be used. (822.) 
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of the organ, i. e. whether calyx or corolla is to be specified, 
the word sepal or petal is employed in the combination ; as, 

Disepcdous, of two sepals ; Trisepcdous, of three ; Tetrasepcdous^ 
of four ; Pentasepalous, of five (also written 5-sepalous, and ac- 
cordingly 2-sepalous, 3-sepalous) , and so on : also, 

JDipet^ous^ Tripetcdom^ Tetrapetalous^ Pmtapetcdous (2-5- 
petalous) , &c., when the corolla is concerned. 

442. Monophyllous^ Monosepalotis^ and Monopetaloris are the 
proper terms for perianth (calyx, corolla, &c.) composed of a 
single leaf. Likewise Polyphyllous^ Polysepalous^ and PolypetaU 
ous for the case of a considerable but unspecified number of 
members. Unfortunately, in the Linnsean and long-prevalent 
use, monopetalous was the term employ ed to designate a corolla 
of one piece in the sense, or the fact, of a coalescence or grow- 
ing together of two, three, five, or more petals into a cup or 
tube ; and so of a calyx, of a whorl of bracts, &c. And poly- 
petalous, polysepalous, and polyphyllous were the counterparts 
of this, meamng of more than one distinct piece, whatever the 
number. The misleading use, consecrated by long prescription, 
is not yet abandoned, but will in time be obsolete. In present 
descriptive botany, a polyphjdlous calyx, or a polypetalous 
corolla, or a 5-petalous corolla, would be taken to mean that the 
sepals or petals (as the case may be) were distinct or uncom- 
bined, and a monopetalous corolla to be one with petals combined 
by coalescence. (329.) 

443. Terms of Union or Separation. The proper term for a 
corolla or a calyx the leaves of which are more or less coalescent 
into a cup or tube is 

Gamopetalom for such a corolla, Gamosepcdous for the calyx ; 
these terms meaning united petals or sepals. The older and mis- 
leading names Monopetalous and Monosepalous^ although current 
up to a recent day, should be discontinued. Another term is 
not rarely used in Germany, that of Sympetalous^ for the gamo- 
petalous (or formerly monopetalous) corolla, — therefore Syn- 
sepahus for a similar calyx. It is perhaps a more apt term 
than gamopetalous, and of the same elymologioal signification ; 
but the latter is alread,y well in use. 

Ohoripetdous is, on the whole, the most fitting name for a 
corolla the petals of which are separate (as it literally expresses 
this) , that is, for what is still commonly called Polypetalous^ as 
already explained. (442.) It is adopted by Eichler, &c. Ohori- 
sepdovs is the term applied to the calyx. Didypetdovs (em- 
ployed by Endlicher) has the same meaning. Both this term 
and choripetalous cany the implication of separated, rather 
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than of typically separate, parts. Eleutheropeiahm (literally 
free-petalled) has also been used, but is inconvenientl}" long. 

444. Degree of coalescence is most correctly expressed by the 
phrases united (connate, or coheient, or coalescent) at the base^ 
to the middle^ or to the summit^ as the case may be. But it is 
more usually and tersely expressed in botanical description by 
employing tenns of division, identical with those used in describ- 
ing the lobing or toothing of leaves and all plane organs. 
(184-188.) That is, the calyx or corolla when gamophyllous 
is for description taken as a whole, and is said to be •parted 
{Z-parted^ b-parted^ &c.), when the sinuses extend almost to 
the base ; clefts when about to the middle ; hhed^ a general tenn 
for any considerable separation beyond toothing; dnitate or 
toothed (Z-toothed^ b-toothed^ <S5C.), when the union extends 
almost to the summit; entire^ when the union is complete to 
the summit or border. 

445. Parts of Petals^ &c. The expanded portion of a petal, 
like that of a leaf, is the Lamina or Blade : any much contracted 
base is the Unguis or Claw. The latter is very shori in a rose- 



petal, but long and conspicuous in a pink and all flowers of that 
tribe (Fig. 471), in many Capparidese (Fig. 409) and Cruciferse. 
A sepal is very rarely distinguishable into lamina and claw. 

446. Parts of Gamophyllous Perianth. The coalescent portion 
of a corolla, calyx, or of a perianth composed of both (such as 
a Lily or Crocus-blossom) , so far as the sides are parallel or not 
too spreading, is its Tube : an expanded terminal portion, either 
divided or undivided, is the Limb or Bobdbe. The limb may 


FIG. 471. Corolla of Soapwort, of five separate long-dawed or vngv^eviate petals, 
■with a crown at the jimotlon of claw and blade. 

PIG. 472. Flower of Gilia eoronoplfblla; the parts answering to the claws of the 
petals of the last figure here all united into a tube. 

FTG 473 Flowor of the Oypress-Vine (Ipomoea Quaxnoblit) ; the petals a little fhrther 
united into a flve-lobed spreading border. 

FIG. 474 Flower of the l^Mmioea ooednea; the five component petals pedhotly wnlt^d 
into a trumpet-shaped tube, and beyond into an almost oitlTe spreading bordear. ^ ^ ^ 
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be parted (that is, the component parts not united) quite or 
neaiiy down to the tube or base, as in Fig. 472, 475 ; or less so, 

as in Fig. 473, 476 (with limb 
5-lobed) ; or with merely angles 
or points to represent the tips 
of the component members, as in 
Fig. 474 ; or with even and entire 
border, as in common Morning- 
Glory, Fig. 482. 

447. The line, or sometimes a manifest or conspicuous portion, 
between the limb and tube (m the corolla always a portion above 
or at the insertion of the stamens, when these are borne by the 
corolla) is called the Throat, in Latin Faux, pi. fauces. This 
is mostly more open than the tube, yet less expanded than the 
limb ; but it often presents insensible gradations from the one to 
the other. 

448. Such appendages as the Corona or Crown (385, shown 
in Fig. 403, 404, 471) usuall}’ belong to the throat of a gamo- 
petalous coroUa or perianth, as in Oleander, Comfrey, Borrage, 
Narcissus, &c., or to a corresponding position when the parts 
are not coalescent. 

449. Forms of Corolla^ Calyx^ &c. As to terminology, some 
of these are special and are applicable to corolla only, as the 

Papilionaceous j the peculiar irregular corolla of the typical 
portion of Leguminosse (388, Fig. 342-334), which has been 
already illustrated, and in which the petals, two pairs and an 
odd one, take particular names. Also the 

CaryophyUaceous^ or Pink-flower (Fig. 471), a regular corolla, 
of five long-clawed {unguicvdate) petals, the claws enclosed in a 
tubular calyx and the blades spreading ; and the 

Cruciferous^ of four somewhat similar petals, the four abruptly 
spreading blades in the foim of a cross {crudate) , as in Fig. 394. 

Rosaceous^ with roundish and widely spreading petals on very 
short or hardly any claws, as in Rose and Apple-blossoms. 

Liliaceous^ a 6-phyllous perianth of campanulate or fhnnelform 
shape ; the members either distinct, as in most common lilies and 
tulips, or gamophyUous, as in Lily of the Valley, * All but file 
first and last of these sorts are examples of regular and chori- 
petalous perianth. 

Orchidaceous flowers are of a peculiar irregularity, combining 
both calyx and corolla : one member, the petal in ftont of the 

FIG 475 Rotate or wheel-shaped and five-parted corolla of the Bittersweet (So- 
lanum Oulcamara) 

FIG. 476. Wheel-shaped and flve-1 obed corolla of the common Potato. 
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stamen and stigma, differs ftom the rest in shape and in being 
nectariferous (as in Fig. 4G0) ; it is named the Labellum. 

Gakate is a term applied to a corolla the upper petal or part 
of which is arched into the shape of a casque or helmet, called 
the Galea; as in Aconite (Fig. 357) and Lamium, Fig. 479. 
In the former the galea is of a single petal ; in the latter, it 
consists of two, completely united. 

450. Gamoph 3 ’llous forms with special names are chiefly the 
following. Illustrations are usually taken from the corolla, but 
the forms and terms are not peculiai* to it, excepting the flrst, 
viz. the 

Ligulate or Stra'p-shaped corolla (Fig. 288, &c.), which is 
nearl}" conflned to Composite. Here a corolla, formed of three 
or five petals, imitates a single petal, except at its very base, 
which is commonly’ tubular : the remainder is as though the tube 
had been split down on the upper side and flattened out. The 
corolla of Lobelia, tj’pe of a family most nearly related to Com- 
posite, illustrates this. (Fig. 488.) 



451. The names of the general forms are mostly taken from 
some resemblance to common objects. All those in common 
use will be found in the Glossaiy’’ : a few leading ones are here 
specified. They may be divided into the regular and the irregu- 
lar. The principal irregular form with a special name is the 
Lahicete^ or lipped, also termed JBilahiafe^ as there are two lips, 
an upper and a lower (superior and inferior, or anterior and 
posterior, 290), although one of them is sometimes obscure or 
abortive. This bilabiate character in the corolla, and often in 
rthe calyx also, pervades several orders with gamopetalous 
flowers, and gives name to one of them, the Labiatm, to which 

FIG. 477 Campfljiulate corolla of the Harebell, Oampanula rotunfllfoUai , 478, 
Balverform (hypocraterlmorphous) corolla of Phlox 478 Labiate (rtngent) 

Lamiuni ; a sulo view 480. Personate corolla of Antirrhmum or SxiapdragoiL 
PorHonato corolla of Ltnaria, spurred (caJoarate) at the base. ' 
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the Sage and Mint belong. Such flowers are 5-merous, and 
have two members specially united to fonn one lip, and three in 
the other. The odd sepal being postenor (or next the axis of 
inflorescence) , and consequently' the odd petal anterior, the calyx 
has its lower lip of two sepals and its upper of three ; while the 
corolla has its upper lip of two petals and its lower of three. 
But in Leguminosse, where the calyx is sometimes bilabiate, and 
where the odd sepal is antenor (or toward the bract), this is 
reversed, and two sepals or lobes of the calyx form the upper 
lip and three the lower. A bilabiate corolla is 

Eingmt^ that is gaping or open-mouthed, when the throat is 
freety open, as in Lamium, Fig. 479 ; 

Personate^ or masked, when the throat is closed, more or less, 
by a projection of the lower lip called the Palate, as in Antir- 
rhinum and Linaria, Fig. 480, 481. 

452. Of regular forms, there are the following, beginning with 
that having least tube : 

Rotate^ or Wheel^shaped (Fig. 475, 476), widely spreading from 
the very base, or from a short and inconspicuous tube. 

Orateriform^ or Saucer-sha'ped^ like rotate except that the broad 
limb is cupped by some upturning toward the margin. 

Hypocrateriformy or rather (not to mix Latin and Greek) 
Eypocraterimorphousy in English Saherformy when a rotate or 

saucer-shaped limb is raised on a 
slender tube which does not much 
enlarge upward ; that is, where a long 
and narrow tube abruptly expands 
into a flat or flattish limb, as in 
Fig, 478. In Fig. 472-474 arc seen 
salverform corollas with somewhat 
more upwardly dilated {trumpet- 
shaped) tube. The salver or hypo- 
crateriumy which the name refers to, 
with a stem or handle beneath, is now 
to be met with’ only in old pictures. 

Tubular y when strictly used, denotes 
a gamophyllous perianth with limb 
inconspicuous in proportion to the 
tube, as in Trumpet Honey’^suckle, or as Fig. 472-474 would be 
if the limb were much diminished or wanting. But it is some- 
times used in the sense of having a conspicuous tube. 



FIG 482. Calyx and fuxmelfoxm (IxiftucidibTUSf'onii) corolla of a common Morning* 
Glory, Ipomcea purpurea 



ANDRCECITJM, OR STAMENS. 


249 


Infundihuliform^ or Funndform^ such as the corolla of common 
Momnig-Glor}" (Fig. 482) , denotes a tube gi’adually enlarging 
upward from a naiTow base into an expanding border or limb. 

Campanidate^ or Bell-shaped (Fig. 477), denotes a tube of length 
not more than twice the breadth, moderately’ expanded almost 
from the base, “the sides above httle divergent 


Section VI. The Andr(ecidm, or Stamens in particular. 

453. The whole Stamen. For the geneiRl character and some 
of the modifications of the stamens, see the first (301) and por- 
tions of the succeeding sections of the present chapter. The 
terms peculiar to these organs, and of common use in botanical 
description, were nearly all coined by Linnaeus, and employed as 
the names of classes in his sexual system. (672.) The sub- 
stantive names of those classes which are characteiized by the 
number of stamens, and which were designated by Greek nume- 
rals prefixed to andria (the Greek word for man being used 
metaphorically for stamen), are put into adjective form, as 
follows : 

Monandrous^ for a flower with a solitary stamen ; Diandromy 
for a flower with two stamens ; Triandroiis^ with three ; Tetran- 
drous^ with four ; Pentandrous^ with five ; Hexandrom^ with six ; 
JSeptandrous^ with seven ; Octandrous^ with eight ; Mmeandrous^ 
with nine ; Decandrous^ with ten ; Dodecamdrous^ with twelve ; 



484 485 486 


Polyandrous^ with a greater or indefinite number, or Tcosandrous 
(meaning twenty-stamened) when a polyandrous flower has the 
stamens inserted on the calj’x, as in the Cherry (Fig. 837), 
Pear, &c. 


FIG 483 T>!a<1olphonB fltamens (9 and 1) of a Pea 484. Monadelphous Stamm of 
a Lnpine 485, Monoilelplions stamens. Ac., of Mallow. 

FIG 480 Five syngenoslous stamens of a Composita. 487. The same, mjd 
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Didynamous is a term applied to an androBcium of four sta- 
mens in two pairs, a longer and a shorter, as in Fig. 361. 

Tetradynamom is similarl}’ applied to that of six stamens, two of 
them shorter, in the manner characteristic of Cruciferse, Fig. 396. 

454. Terms which denote coalescence of stamens, whether by 
their filaments or their anthers, are 

Monadelpkom^ that is, in one brotherhood, by coalescence of 
the filaments into a tube, as in the Mallow (Fig. 485) , Lupine 
(Fig. 484) , Lobelia (Fig. 488) , &c. 

Diadelphous^ in two brotherhoods, by coalescence of the fila- 
ments into two sets ; sometimes an equal number in each, as in 
Fumai'iacese (Fig. 390), sometimes nine in one set and one 
separate, as in the Pea (Fig. 483) and most Papilionaceae. 

Triadelphous^ with filaments united in three sets or clusters, as 
in Hypericum. 

Pentadelphous^ in five sets, as in Linden, Fig. 398, 399. 
But in general, when the sets are several, without regard to the 
number the stamens are said to be Polyadelphom, 

Spigenesious^ when the stamens are united by their anthers 
into a tube or ring ; as in the whole vast order of Compositae 



(Fig. 486, where they are five in number and the filaments dis- 
tinct), in Cucurbita (Fig. 489, 490, where they are three in 
number and the filaments partly monadolphous), and in Lobelia 
(Fig. 488, where they are also five and the long filaments are 
mainly monadelphous) . 


PIG. 488. Flower of LobeUa cardinalls, with tube of corolla divided on one side: 

anthers united into a tube- f tube of filaments, a of anthers 
FIG. 4^ Male flower of Oucurbita (Squash), with limb of calyx and corolla cut 
away, to show the stamens, viz , three filaments, separate at base but monadelpljous 
above, and three syngenesious anthers in a hind of head. 490 Stamens of the same, 
enlarged and the upper part out away, to show the union. The anthers are sinuous, 
detached stamen of the Melon, with loosely sinuous anther 
Fig. 492. Stamens and style of a Cypnpedium, united into one body or cohmn. 
a. anthers; at enlarged sterile stamen; aiig, the stigma. 
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455. Of terms relating to adnation of stamens, besides the 
general ones of hypogynous^ perigynous^ epigynous (332), and 
epipetalous^ or adnate with corolla, there is the special one of 

Gynandrous^ having stamens borne upon the pistil, as in 
OrcMdacese. In Cypnpedium, the filaments of two stamens, and 
an enlarged sterile stamen behind, are adnate to a style, while 
the two anthers are quite free (Fig. 492) ; in the proper Orchis 
tribe (as in Fig. 460, 461), anther and stigma are consolidated 
into one mass, and there is no evident st^de. 

456. A complete stamen consists of Filament and Anther. 
The latter is the functional!}" essential part of the organ, and 
therefore is wanting only in abortive or sterile stamens, (345, 
352, &c.) The filament, being only a stalk or support, may be 
very short or wholly wanting : then the anther is sessile^ just as 
the blade of a leaf is said to be sessile when there is no petiole. 

457. The Filament, although usually slender and stalk-like, 
assumes a great variety of forms : it is sometimes dilated so* as 
to resemble a petal, except by its bearing an anther ; as in the 
transition states between the true petals and stamens of Nym- 
phiEa, shown in Fig. 318, 

458. Such petaloid filaments would indicate that this part of 
the stamen answered to blade rather than to footstalk, while 
others would harmonize better with what seems at first sight to 
be the more natural view, that the filament is the homologue of 
the petiole, the anther of the blade of a leaf. Remembering 
that in large numbers of leaves there is no distinction into petiole 
and lamina or blade, such homologies should not be insisted on. 
The filament may be vaiiously appendaged by outgrowths. Some 
of these appendages are very conspicuous, such as the scale of 
Larrea (Fig. 405) , which is on the inside, and the nectariferous 
hood of Asclepias on the outside ; or there may be a tooth on 
each maigin, as in species of Allium. 

459. The Anther, the essential organ of the stamen, contain- 
ing the pollen, surmounts the filament, when that is present. 
It normally consists of two cells or lobes, the word cell being 
here used in the sense of sac. But, as each sac is not rarely 
divided into two cavities (JocelU)^ the best technical name for 
anther-sac is that of Theca. The two thecse, lobes, or cells are 
commonly connected by a more or less evident and sometimes 
conspicuous common base or junction, which is mostly a pro- 
longation of the filament, the Connectivum, or in English 
Connective. 

460. For the discharge of the pollen, the cells of a normal 
anther open at the proper time by a line or chink, usually 
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extending from top to bottom (Fig. 493) , the svttvre or. line of 
dehiscence. Commonly this line is lateral or marginal: not 
rarely it faces forward or backward. In the vast genus Solanum, 



4SIS 495 406 497 498 

to which the Potato belongs, in most Ericaceous plants (Fig. 
458, 494), in Polygala, and in many other flowers, the anther* 
cells open only by a hole {foramm or •por ^ , or at most a short 
I chink, at the tip, through which the pollen has in 

J some way to be discharged. In Vaccinium (Cran- 

^ berry, Blueberry*, &c.), the pore-bearing tip of the 

vW anther-cell is prolonged considerably, often into a 

1 slender tube, as in Fig. 340. In the Barberry (Fig. 

I 495) and in most of that family, also in Lauracese, 

^ the whole face of each anther-ceU separates b}" a con- 
tinuous line, forming a kind of door, which is attached at the top, 
and turns back, as if on a hinge : in this case, the anthers are said 
to open by uplifted valves. In the Sassafras and many other 
plants of the Laurel family, each lobe of the anther opens by two 
smaller valves of the kind, like trap-doors. 

461. The attachment of the anther to the fllament presents 
three principal modes, which are connected by gradations. 
These are the 

Innate (Fig. 495, 496), in which the anther directly continues 
and corresponds to the apex of the filament, the cells usuall}* 
dehiscent strictly marginaU}^ the lobes or cells not looking or 
projecting either inward or outward. 

FIG 493 A stamen, with its anther, ft, surmounting tlie fllament, a, and opening 
in the normal manner down the whole length of the oirter side of each cell, 

FIG. 494. Stamen of a Pyrola; each cell of the anther opening by a terminal ori- 
fice or pore 

FIG. 495. Stamen of a Barberry, the cells of the anther opening each by an U 2 >- 
Itffced valv’e 

FIG. 496 A stamen of Isopyrum bitematum, with Innate anther 497. Stamen of 
Liriodendron, or Tuhp-tree, ^th adnate extrorse anther. 498. Stamen of CEnot-honit 
glanca, with the anther fixed by Its middle and versatile 

FIG 499. A stamen of Asamm Oanadense, with adnate antlier and prolonged tip 
to connective 
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Adnaie^ in which the connective appears to be a direct con- 
tinuation of the filament, having the anther adherent to the 
anterior or postenor face of it, and the lines of dehiscence 
therefore looking iiiwai'd or outward. Magnolia, Liiiodendron 
(Fig. 497;, and Asarum (Fig. 499) furnish good examples ; the 
latter conspicuousl}" so, on account of a prominent prolongation 
of the connective or tip of the filament. 

Versatile, when the anther is attached at some part only of itsy 
back or front to the tip of the filament, on which in anthesis it 
lightly swings ; as in Plantain, in all Grasses, the Lily, Evening 
Primrose (Fig. 498), &c. 

462. The direction to which an anther faces, whether inward 
(toward the centre of the fiower), or outward (toward the peri- 
anth) , has to be considered ; except in the case of an innate 
anther with strictly lateral or marginal dehiscence. An anther is 

Extrorse, i. e. turned outward, or Posticom, when it faces to- 
ward the perianth, as in Magnolia and Liriodcndron (Fig. 497), 
Asarum (Fig. 499), and Iris ; these all being cases of adnate 
and extrorse anthers, the cells attached for their whole length to 
the outside of the summit of the filament or the connective. 

Introrse, i. e. turned Inward, or Anticous, when it faces toward 
the axis of the flower ; as in N^miphseaceae (Fig. 318) , in Violet 
and Lobelia (which are adnate and introrse) , and in CEnothera. 
In the common Evening Piimroses (as in Fig. 498) the anther 
is fixed near the middle, introrse, and versatile. 

463. The direction in which the anther may be said to face, 
outward or inward, depends upon two characters, which do not 
always coincide, viz, the insertion or attachment of the cells, 
and the position of their line of dehiscence. In such a strongly 
characterized adnate anther as that of Liriodendron (Fig. 497), 
both the attachment and the dehiscence are plainly posticous or 
extrorse : in most species of Trillium, the cells are introrse as to 
attachment, but some are nearly marginal and some are even 
rather extrorse as to dehiscence : in the related Medeola, and m 
Lilium, where the anthers are extrorsely afiSixed toward the base 
or middle to a slender tip of the filament, the dehiscence is 
either introrse or nearly marginal. Parnassia is in similar case ; 
the anthers being clearly extrorse as to insertion and more or 
less introrse as to dehiscence. 

464. Adnate anthers are perhaps as frequently extrorse as 
introrse. Others, whether hasifixed or medifixed, are more com- 
monly introrse. Those fixed by the middle, or at any othen)t 
part of the back, and lying on the inner side of the filamenti, 
are said to be Incumbent. 



254 


THE FLOWEB. 


465. The connective may be appendaged either by a prolon- 
gation or otherwise from the tip (as in Fig. 499), or from the 
back, as in Violets and in many Ericaceous plants. 

466. The normal anther is two-celled, hilocidar^ or (to use 
a less common term) dithecom^ and its lobes or cells parallel, 
right and left ; but the cells at first, and sometimes at maturitj", 
are hilocellate^ that is each is divided into two by a partition 
which stretches from the connective to the suture or hne of 

dehiscence. In an 
innate anther, and 
in many othera, this 
line of dehiscence is 
marginal or lateral, 
either strictly or 
nearly so, as in 
Fig. 500. When introrse or extrorse (as in Fig. 501, 502), 
the sutures may still be considered to represent the mai^gins 
turned inward or outward. The pollen is accordingly pro- 
duced in four cavities or separate portions of the interior. But 
^e two locelli on the same side of the midrib or connective 
(right and left) are usually confluent into one poUen-filled cavity 
or ceU at maturit}’ if not earlier, or at least the partition between 
them breaks up at dehiscence. Sometimes it remains, and, the 
groove at the sutures being deep, the anther is strongly four- 
lobed or quadrt locular at maturit}", as in Menispermum (Fig. 
504) ; but morphologically this is still only bilocular (dithecous) 
although quadrilocellate, and the anther opens at ^e sutures 
and through these partitions. 

467. A stamen being the homologue of a leaf, the natural 
supposition is that the anther is homologous with the blade or 
an apical portion of the blade, therefore the two lobes or thecae 
with the right and left halves of it, the intervening connective 
with the midrib, and the line of dehiscence with the leaf-mar- 
gins.^ This conception is • exemplified by the accompanying 



1 This is the view long ago taken by Cassini and Keeper, and it may still 
be mamtained as the best morphological conception. Mohl interposed some 
objections to its universality ; but, as presented in Sachs’s Text-Book, they 
are not incompatible with the common morphology Sachs takes the fila- 
ment with the connective to be the homologue of the whole leaf, and the 
anther-cells as appendages. Others, in likening the anthers to glands, adopt 
a similar view. 

FIG- 600 Innate anther, same as Fig 496, in younger state, with transverse section, 
showing the four locelli. 601 Same of an adnate extrorse anther, such as Fig 497. 
602. Same as the preceding but mature and dehiscent, the two locdll becoming one cdl 
by the vanishing or breaking up of the partidon. 
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diagram, Fig. 503, which should, however, show 
partitions in the cross-section, or traces of them, 
special development into peculiar cells of what would 
be parench^Tua in a leaf. Its fonnation normally 
begins in four places, which may remain separate 
up to maturity, or the two on each side of the axis 
or connective may early be confluent into one cell. 

4G8. Of the many de\iations of the ty^^ical two- 
celled anther, with its cells parallel and united 
longitudinally by a connective, the simplest and 
commonest is that in which (as in Fig. 505) the 
two cells diverge below and remain united onty at 
their apex. Next, the two cells may, in their early 
development, become confluent at the apex, as in the 
Mallow family (Fig. 506), so as to form a continuous pollin- 
iferous cavity within, opening by a continuous suture round the 
margin : here the anther is unilocular or one-celled by confluence- 
In another wa}", the anthers of some species of Orthocarpus (gen 
erall}" resembling Fig. 505, but the lobes or cells quite distinei 
or even separated at apex) lose one of the cells by partial o>’ 
complete non-development and so become one-cellcd by abor 
tion. The anther of Gomphrena (Fig. 507) is completely un> 
locular by abortion or suppression of the companion cell. Thub 
losing one half, it is said to be dimidiate^ or halved. 

469. The two anther-cells, such as those of Fig, 505, some- 
times diverge so much that they foim a straight line transverse 
to the filament, as in Monarda (Fig. 

508) , m which their contiguous ends 
so coalesce as to give the appearance 
of a one-celled anther fixed by the 
middle. Or, again, the two cells may 
be separated by the enlargement of 
the connective between them, as in Cal- 
amintha. Fig. 509. This enlargement 
is extreme in the great genus Salvia, in 
which a very long and narrow connec- 
tive gives the appearance of a filament astride the apex of the 


FIG 303 Diagram to illustrate the motpholojjy of the stamen, on the Wea that the 
anther answers to leaf-blade ■ the lower portion being filament and a part of the anther, 
in section, the upper a part of a leaf 

FIG. 604 stamen of Menlspermum Canadense, the quadiilooellate anther divided. 

FIG. 605. Stamen of Pentstemon pubesoens, with anther-coils divergent 

FIG. 506 Stamen of Mallow (one of the cluster of Fig 485), the two cells and sutnrei 
confluent into one 

FIG. 507. Anther of Gomphrena or Globe Amaranth, medifixed, of a single oeU^ 
dehiscent 



the median 
Pollen is a 
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proper filament, and bearing an anther-cell at each end. In a 
few species, the two anther-cells are nearlj" alike ; in more, the 
lower one is imperfect, as in Fig. 510®; in more, it is abortive 
or wanting altogether, as in Fig. 510*. Then, in the related 
Cahfomian genus Audibertia, the lower half of this connective 



Is reduced to a short tail, as shown in Fig. 511*, or even in 
most of the species to so minute a vestige that, except for these 
transitions, the stamen might be supposed to consist of a simple 
filament, with an interruption like a splice in the middle, and 
surmounted by a one-celled anther, as shown in Fig. 511*. In 
Eosemary, the continuity is complete, although a minute reflexed 
tooth sometimes indicates the junction, 

^ 470. Pollen, the product of the anther, is usually a powdery 

^ substance, which when magnified is seen to consist of separate 
grains, of definite size and shape, uniform in the same plant, 



jflJ 613 614 616 


but often very different in different species or families. The 
gi-ains are commonly single cells, globular or oval in shape, and 
•of a yellow color. But in Spiderwort they are oblong ; in tlxe 


pro. 508-631. Autbers, wltb upper i»art of fllawent* of fleveral Tjahfatfe. 508. Of 
Monarda 509 Of a Calamintha, 510 Of two species of Salvia, with long and slender 
connective, the upper fork of which bears one anther-cell ; the lower in a (from Salvia 
Texana), bearing the otheroell In an Imperfect condition ; in 5 (from S. c<K’Cinoa), bear- 
ing none at all. 511 a. Same of Audibi^a grandiilora, the lower fork of the connec- 
tive reduced to a naked spur; 6, from A, 8ta<diyoIdes*, in which this lower fork is nearly 
wanting, and the upper is m a straight line with the filament which It seems to 
continue. 

Fia. 512-515. Forms of pollen: 512, from Mixnulus mosohatus; 513, Slcyos; 514, 
Fchinocystu; 516, Hibiscus. 
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Cichory and Thistle tribes, many-sided; in the Musk-plant, 
spirally grooved ; in the Mallow family and the Squash and 

51b 517 518 519 520 

. Pumpkin, beset with briskly projections, &c. The pollen of 
Pine, as well as that of the Onagracese, is not so simple, but 
appears to consist of three or four blended cells ; 
that of most Ericacese evidently consists of four 
grains or cells united. (Fig. 512-521.) The 
most extraordinary shape is that of Zostera, or 
the Eel-grass of salt-water, in which the grains 
(destitute of the outer coat) consist of long and 
slender threads, which, as they lie side by side in the anther, 
resemble a skein of silk. 

471. Pollen-grains are usually formed in fours, by the division 
of the living contents of mother cells first into two, and these 
again into two parts, which become specialized cells. As the 
pollen completes its growth, the walls of the mother cells are 
usually obliterated. But sometimes these cells 
persist, either as shreds, forming the cobweb-like 
threads ‘mixed with the pollen of Evening Piimrose, 
or as a kind of tissue combining the pollen into 
coherent masses, of various consistence. Of this 
kind are the elastically coherent pollen-masses (or 
PoLLiNiA, sing. Pollinium) of Orchises (Fig. 463), 
and the denser waxy ones of many other orchids and those of 
Asclepias or Milkweed, Fig. 522. 

‘472. A pollen-grain has two coats. The outer coat is com- 
paratively thick, and often granular or fleshy. This is later 
formed than the inner, and by a kind of secretion from it : to it 
all the markings belong. The inner coat, which is the proper 
cell-wall, is a very thin, delicate, transparent aetd colorless mem- 
brane, of considerable strength for its thickness. The pollen 
of Zostera and of some other aquatic plants is destitute of the 
outer coat. 

473. The cavity enclosed by the coats is filled with a viscid 
substance, which often appears slightly turbid under the higher 
powers of ordinary microscopes, and, when submitted to a msg- 




FTG 516^21. Forms of poUen* 516, LUy; 617, Cichory; 518, Pine; 5W, Otrom*} 
520, Kalmla; 521, Evening Primrose. 

FI<4. 522 A pair of pollinla of Asclepias, annexed by their caudlcles to thee 

17 
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nifying power of about three hundred diameters, is found to 
contain a multitude of minute particles (foviUce ) , the larger of 
which are fi:om one four-thousandth to one five-thousandth of an 
inch in length, and the smaller only one fourth or one sixth of 
this size. When wetted, the grains of pollen prompt imbibe 
water by endosmosis, and are distended, changing their shape 
somewhat, and obliterating the longitudinal folds, one or more 
in number, which many gi*ains exhibit in the dry state. Soon 
the more extensible and elastic inner coat inclines to force its 
way through the weaker parts of the outer, especially at one or 
more thin points or pores; sometimes forming projections, 
when the absorption is slow and the exterior coating tough. In 
many kinds of pollen, the grains, when immersed in water, soon 
distend to bursting, discharging the contents.^ 

474. Pollen-tabes. In others, and in most fresh poUen, when 
placed in ordinarily aerated water, at least when this is slightly 

I thickened by syrup or the like, and submitted to a congenial tern- 
peratoe, a projection of the inner coat through the outer appears 
at some one point, and by a kind of germination grows into a 
slender tube, which may even attain two or three hundred times 
the diameter of the gi'ain ; and the richer protoplasmic contents 
tend to accumulate at the farther and somewhat enlarging ex- 
tremity of this pollen-tube.^ 

475. In cleistogamous flowers (434), the pollen, while still in 
the anther, sends out its tubes, which may giw to a great length, 
in the mere moisture of the flower-bud, the growing tip always 
directing itself toward the stigma in a wonderful way. Similarly, 
in the open flower of Milkweeds, the pollen-tubes sometimes 
start from the pollen-mass even while yet in the anther, and in 
vast numbers, forming a tufb or skein of pollen-tubes, which 
may attain considerable length and direct itself toward the some- 
what distant stigma. Commonly, however, the pollen remains 


^ In Coniferae, the grains of pollen liave a peculiar internal structure or 
rather a development (suggestive of a homology with the microspores of some 
of the higher Ciyptogamia), the contents at or before maturity undergoing 
division into two or three internal cells, only one of which acts in fertiliza- 
tion When they act upon the ovule or are placed in water, and the inner 
coat swells by absorption, the bursting outer coat is commonly thrown off. 
In Pines and Firs (but not in Larch and Hemlock Spruce), the grain of 
pollen is singularly compound, consisting (as in Fig. 618) of a central arcuate 
body (the proper pollen-cell) bearing at each end an empty roundish cell. 
These are vesicular protrusions or appendages of the proper pollen-grain, of 
no known functional importance, except that they render such wind-dis- 
persed poUen more buoyant for transportation. 
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unaltered until it is placed upon the stigma. The more or less 
viscid moisture of this incites a sim- 
ilar growth, and also doubtless nour- 
ishes it; and the protruding tube at 
once penetrates the stigma, and by glid- 
ing between its loose cells buries itself 
in the tissue of the st^de, descending 
thence to the interior of the ovary and 
at length to the o^niles. Feriilization 
is accomplished b}' the action of this 
pollen-tube upon the ovule, and upon a 
special formation within it. Consequent 
upon this an embiyo is formed ; and the ovule now becomes a seed. 



Section VIT. The Pistils, or Gyncbcium. 

§ 1. In Angiosperms. 

476. The succinct description of the pistil in the first section 
of this chapter (302), as also what has been stated of the modi- 
fications of the gynoecium in Section III., relates to the most 
typical conditions of this part of the flower. The essential 
characteristics of all ordinaiy pistils, whether simple or compound, 
are : 1. a closed ovary, in which one or more ovules are included ; 
and 2. a stigma, upon which pollen for fertilizing the ovules is 
received, and through which the pollen acts upon them. There 
is a more simplified condition, in Gymnosperms, in which naked 
ovules are exposed to the direct action of the pollen. In con- 
tradistinction to this, the ordinary pistil is said to be Anqtosper^ 
mous ; that is, with the seeds enclosed in a sac or covering, this 
in the flower being the ovary. ^ And plants with such gyncecium 
are denominated Angiosperms or Angiospeemous plants. To 
such only the present subsection specifically relates. 

477. The several terms which apply to the Qynmium or 
female system of a flower, and to its components, have been 


1 Although thus originated, the seeds are not in all cases matured in a 
closed pistil. In the Blue Cohosh, Caulophyllum thalictroides, the ovules 
rupture the ovary soon after flowering, and the seeds become naked j and in 
Mignonette they are imperfectly enclosed, the ovary being open at the 
summit from an early period of fructification. 

PIG 623 A pollen-grain of Datura Stramonium, emitting its tube. 624. Pollen- 
grain of a Convolvulus, with its tube, 626. Other pollen-grains, with their tubes, leas 
strongly magnified. 626 A pollen-grain of the Evening Primrose, resting on a po:^on 
of the stigma, into which the tube emitted ft'om one of angles penetrates; the<^;]!P0-‘ 
site angle also emitting a pollGu^tabe, All highly magnified. 4 
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enumerated and defined already (302, note) : the elementary 
term is that of 

478. Carpel, Lat Cakpellum. This is the term coined by Dunal, 
and is in common use. The better-formed word Carpidium 
(English Carpid) has been proposed, and best of all Carpo- 
PHYLLDM, in Ei^lish Cmpophyll, For carpels are, as the word 
carpophj^Ua denotes, pistil-leaves, or leaves of the g^moecium, 
i, e., seed-bearing or fructiferous ph^'lla. They occupy the cen- 
tral or uppermost region of the flower. A carpel ma}’ be a pistil 
of itself, either the only one of a blossom or one of several, or 
it may be a constituent of a more complex pistil. In either case, 
a carpel is the homologue of a leaf. 

479. The moi*phological conception of an uncombined carpel 
is that of the blade of a leaf incurved lengthwise, so that 
the margins meet, and join by a suture, thus forming a closed 
sac, the ovary, A prolongation of the tip of the leaf is the style: 
some portion of this, usually the apex, not rarely a single or 
double line down the side which answers to the suture of the 
leaf-margins, and may be regarded as its continuation, is the 
stigma. The carpellaiy leaf is always mcmwed : the lower sur- 
face of the leaf is represented by 
the exterior surface of the ovary, 
the upper by the interior. The 
conjoined margins of the leaf, or 
whatever they bear, are intemaJ 
in the ovary : the stigma may be 
regarded as a portion of leaf- 
margins presented externally, des- 
titute of epidermis and fbrmed 
of loose cellular tissue, which in 

anthesis is moist by some secretion. The ovules are peculiar 
structures normally arising as outgrowths from the margins of 
the leaf, or some part of them, sometimes from the whole or 
a special portion of the upper or inner surface of the leaf. 

480. The carpellar}" leaf being involute, the suture, on which 
the ovules are normall}" borne, always looks toward the axis or 
centre of the flower. It is the only proper suture (or seam) a 
carpel can have. From its position it takes the name of Inner 
or Ventral Suture. And the opposite line or ridge, answering 
to the midrib of the leaf, being sometimes prominent and of the 

BTG. 527 A leaf incurving, to Illustrate tl)e morphology of a simple pistil or carpel 
528. A carpel (of Isopyrum hitematum), out across, the lateral stigma (here manlfisstly 
a double line) and the snture bearing the ovules turned toward the eye S29. A npe 
carpel of Marsh Marigold which has opened and shed the seeds: the points of attach- 
ment of the latter conspicuous along the edges of the camel. 
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appearance of a suture, has been somewhat incongruously named 
the Outer or Dorsal Suture. 

481 . The number of carpels in a g^’noecium is simply expressed 
by adjective terms consisting of Greek numerals prefixed to this 
word : e. g., MonocarpeUary.^ of a solitary carpel ; Dicarpellary^ of 
two carpels ; Tricarpellary^ of three ; Tetracarpellary^ of four ; 
P&iitacarpellary^ of five, and so on up to Polycarpellary^ of many 
or at least of several and an indefinite number. Less general 
and only partially" s^monymous terms are such as Monogynous 
(of one pistil), Digynous (of two), Polygynous (of mau}^), &c. 
These are adjective foms of the names of the orders, from 
Monogynia to Polygynia^ in the Linnman artificial classification, 
which either supposes the carpels to be separate or partlj" so, or 
confounds simple and compound pistils. 

482. When the gynoecinm is of a solitary carpel, the position 
of this as regai'ds the axis of inflorescence is not uniform ; but 
commonly its back or dorsal suture is before the subtending 
bract, or in other words the ventral or ovule-bearing suture 
faces the axis of inflorescence. When there are two carpels, 
they face each other, bringing their ventral sutures into opposi- 
tion, and as to axis of inflorescence either median or transverse 
(291), but usually median, that is antero-posterior or in the 
line of bract and axis. Cruciferse, Capparidaceae, and Fumari- 
acese are somewhat remarkable for having their two carpels 
right and left, that is, collateral or, in other words, transverse. 
When three, four, or a greater number, they divide the circle 
equally, or when numerous they take a spiral instead of verticil- 
late order, and occupy several or many ranks, as in Ranunculus, 
Magnolia, PotentiUa, &c. 

483. The Gynoecium may be either of separate carpels 
{Apocarpous) , or of carpels coalescent into one body {Syncar^ 
pow), or of all grades between the two. Apocarpous pistils are 
simple ; a syncarpous pistil is compound. 

484. In both, the essential parts are the ovary and the stigma. 
The style may be conspicuous and widely separate these two, 
as in Fig. 536-538 ; or hardly any, as in Fig. 582-635 ; or none 
at all, as in Fig. 530, 531, 533. 

485. Placenta. This name^ is applied to any surface in the 
interior of the ovary on which ovules are borne. It has been 
stated (579) that these are usually borne upon the margins of 

1 Taken from a remote analogy with the placenta of the higher animala. 
The name appears to have been introduoed into botany by Adanson It baa 
been termed Trophospermum or Sperm/opkmm by some of the early modem 
botanists. 
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the carpellary leaf, or upon some portion of what answers to 

8 them. When the ovules are numerous, and some- 
times when they are few, the combined leaf-edges 
enlarge to form a kind of receptacle for their attach- 
ment or support : this is the Placenta. In Fig. 530, 
the placenta is well developed, and also in such 
syncarpous ovaries as are illustrated in Fig. 536, 
537, 544, and 545. In very many others (such as 

f Fig. 528, 531, 533), there is no particular enlarge- 
ment of the leaf-maigins visible, and no particular 
ground for the use of this special term. Still it 
is commonly used, as occasion serves, even for the 
mere line or spot on which ovules are borne, as 
well as for a more prominent development to which 
MO the name was originally applied. 

486. Simple or Apocarpous Pistils may be solitary, several, or 
numerous. When indefinitely numerous, they are seldom in one 
circle, but are capitate or spicate upon a proportionately enlarged 
or prolonged receptacle, as in Anemone, Ranunculus, and most 
striking^ in Myosurus ; when reduced to a single one, as in 
Actsea, Podophyllum,^ Barberry, and Plum or Cheny% the car- 
pel mostly appears as if it were an actual termination of the 

floral axis. But even then the pistil 
is hardly ever quite sjunmetrical in 
shape: the ovary is somewhat gib- 
bous or unequal-sided (as in Fig. 
312, 315, 316, 528, 531-533) , and the 
stigma more or less oblique or even 
wholly lateral. The continuation of 
the latter down the whole length of 
the ventral side of the style (as in Fig. 528, and also Fig. 549) 
is not uncommon. In Schizandra (Fig. 531) it is continued 
downward on the ventral edge of the ovaiy as far as to its 
middle.* 



1 Abnormal specimens of Podophyllum peltatum are occasionally found 
having a gyncecium of from two to six separate carpels. 

^ Pleurogyne, a Gentianaceous genus so named on this account, has no 
style nor apical stigma whatever, but has a long stigma extending down the 
outside of each ovuliferous suture of its dicarpellaty ovary for most of its 
length. 

FIG. fiSO Single simple pistil of PodoiAiyUnm, oat across to show the placenta, 4kc. 

FIG 531. Vertical section of a pistil of Schizandra cocoinea; a side view showing 
the stigma decnrrent down to the middle of the ovary. ^32 Pfstil of Hydrastis ; ventral 
view 533 Pistil of Actsea mbra, cut across, so as to show the ndcrlor of the ovary; 
ventral \iew. 
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487. As the placenta of a simple pistil belongs to the two 
united margins of the carpellary leaf, there is naturall 3 ’ a doul)le 
row of ovules, one to each margin. If the leaf- 
margins which are turned inward in the ovary’ be- 
low to bear the ovules are turned outward above to 
receive the pollen (see Fig. 531), then the t 3 ’pical 
stigma should also be double or bilamellar. So it 
is seen to be in such carpels as those of Fig. 528, 

531-533, and indeed in very many stigmas of this 
class. Such division, or even a greater bifurcation 
of a monocarpellary stigma into two lobes or half- 
stigmas, IS not anomalous. 

488. The ovaiy of a simple pistil should be 
unilocular^ that is, should have a single cavity 
or cell (loculus) , although, as will soon be seen, 
the converse does not hold true. Yet this cell in 
■certain instances becomes hilocellate^ being divided 
by a growth or intrusion from the back into tw’o 
heelU, This occurs more or less in the larger 
number of species of the Leguininons genus 
Astragalus, and the mode is shown in Fig. 534. 

489. Compound or Syncarpous Pistil ^ This consists of two, 
three, or a greater number of carpels coalescent into one body. 
A tnie compound pistil represents a whorl (in the simplest case 
a pair) of carpels united into one body, at least as to tiie ovary, 

490. The coalescence of a capitate or spicato mass of carpels 
or simple pistils of the same flower, imbricately heaped on the 
torus, as in Magnolia (Fig. 648) and Liriodendron, cannot 
properly be said to form a compound pistil. This heap of 
pistils may be called a Sorema. 

491. Moiphologically, a compound pistil, as to the ovaiy, may 
be a pair or a circle of closed carpels or simple pistils brought 
into contact, and the contiguous parts united : tliis is illustrated, 
in Fig. 535-538. Or it may be formed of a whorl of open car- 
pellary leaves, joined each to each by the contiguous margins, 

^ The terma ii})ocarpous and st/ncarpom for pistila, the first of separate, the 
second of combined carpels, were introduced by Lindley. They have little 
advantH^e over the terms simple and compound Moreover, the word 
syncarp or nyncaipium had been appropriated to a sort of fruit of the class 
now called multiple, formed by the conlcscenee of several flowers, and also 
to that of a heap, head, or spike of carpels more or loss cohering at matu- 
rity, as in a hlai'khcrry, or confluent in the flower, as in Magnolia. 

FI (4 Ovax y or forming legume of Astragalus Canadensis, tnmaversely divided; 

to show tlu* fulsti luirtitlon which, Intruded from the back, dlvhles the simple cell Into 
two half-cells ox locelii. » 
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in the manner of Fig. 542-545. Between these two there is 
every gradation. The first forms a compound ovary, 

492. With two or more Cells and Axile Placenta. For it is 
evident that, if the contiguous parts of a whorl of two or more 
closed cai'pels cohere, the resulting compound ovarj^ should have 
as many cells as there are carpels in its composition, and that 
the placentse (one in the inner angle of each carpel) will all be 
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brought together in the axis of the compound pistil. And the 
partitions, termed Dissepiments, which divide the compound 
ovary into cells, manifestly consist of the united contiguous por- 
tions of the walls of the carpels. These necessarily are composed 
of two layers, one belonging to each carpel; and in fruit they 
often split into the two layers. True dissepiments and the true 
cells must accordingly be equal in number to the carpels of 
which the compound pistil is composed. That is, the ovary, or 
the resulting fruit, is bilocular or 2-celled, trilocvlar or B-celled, 
quadrilocular or 4-ceIled, and so on, according to the number of 
dissepiments or cells. 

493. There may also be false dissepiments^ mostly of the same 
character as that which in Fig. 534 divides the cell of a single 
carpel. Such are.foundin Flax (Fig. 589-541), in Amelanchier 
or Service-berry, in Huckleberry (Gaylussacia) , and in most of 


FIG. S35 Pistil of a Saxlfirage composed of two carpels or simple pistils nnited 
below, bnt distinct above, cut across both above and below. 

FIG 586. Pistil of common St. Johnswort, of three united ovaries, their styles 
distinct 

FIG. 537 The same of another spedes of St. Johnswort (Hypericum proliflcninX 
the styles also nnited into one, which, howeyer, may split apart in the £ruit. 

FIG. 688. Pi<«til of Tradescantla or Splderwort, even the tliree stigmas united into 
one The oyary in all cut across to show the internal structure 
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the American species of Vaccinimn. In all these, the false par- 
tition is a growth from the middle of the back of each carpel, 
which divides its cell more or less completely into two. 
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494. On the other hand, even the true dissepiments which 
belong to such a compound ovary maybe abortive or evanescent, 
the placentae remaining in the axis combined into a column. 
(499.) The second modification of the compound pistil (491) 
normally has an ovary, 

495. With one Cell and Parietal Placentae. That is, the 


placentae are borne (as the term denotes) on the wall or parietes 
of the ovary, as in the Poppy, Violet, Sundew, 
. jjl n Cistus or Heiianthemum (Fig. 543), Cleome, Gen- 
ii Jj tian, and in all or most of the orders from which 
I h/mll m examples are cited. The diagram Fig. 542 
illustrates the morphological conception of a com- 
pound pistil of this kind. Not that it is ever sup- 
I yjjf |l , posed to be formed by the actual combination of once 



separate leaves, any more than a gamophyllous calyx or corolla 
is actually so produced. The conception in all such cases is that 


FIG. 539 Transverse diagramxnatio section of a flower of the coxomon Flax, show- 
ing the ovary with false partitions extending one from the hack of each cell. 540. Seo< 
tion of a mature fruit and seeds of the same, the false partitions now complete, divid- 
ing the five cells into ten, each one-seeded 541. Same of a wild Flax (Xinum perexme), 
In which the fsdse partitions remain incomplete. 

FIG. 542. Plan of a one-oelled oyary with three parietal placentte, cut across be- 
low; the upper part showing the top of the three leaves it is theoretically composed 
approaching, but not united. 

FIG. 543 Ovary of Heiianthemum Oana den se, out across, Showing the ovules on 
three parietal placentss. 

FIG. 544 Transverse section of the ovary of Hypericum mveolens ; the three large 
placentm meeting in the centre, but not cohering 545. Similar section of a ripe oapaul^ 
of the same; the placentss now evidently parietal. ' « 
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of a congenital development of organs in union which, in the 
development of a vegetative shoot, would be leaves. This case 
is represented by the combination of open carpellary leaves, as 
the preceding one is by that of closed ones. As the edges 
of the leaves must needs be turned in, to bear the o\uiles, 
a compound ovary with parietal placentation may be likened 
to the unopened cal^^x of a Clematis, as shown in Fig. 256, 
257. Every gradation is found between axile and parietal 
placentation. Sometimes the placentae are strictly on the pari- 
etes or wall (Fig. 543, 547) ; sometimes borne inwards on 
incomplete dissepiments (Fig. 548) ; and sometimes they are 
brought firmly together in the axis, as in Fig. 544, though sepa- 
rable, and indeed separated in the fruiting stage. 

496. A compound ovar^’ with paiietal placentae is necessarily 
one-celled {unilocular) ; except it be divided by an anomalous 
partition, such as is found in Ci'uciferae (Fig. 895) and in many 
Bignoniaceae. 

497. Normal placentae are necessaiily double : when parietal, 
the two halves belong to different leaves ; when axile, to the same 
leaf. These two halves may diverge or be widely separated. 



sometimes even at their origin, as in Aphyllon and some other 
Orobanchaceae, in which a dicaipellaiy ovary has four almost 
equidistant placentae; or in such cases the placentae may be 
regarded as intra-marginal instead of marginal. 

498. The placentae of a two-several-ceUed ovary, such as in 
Fig. 536, 537, &c., ma}’’ be described in the plural number, 
being one in each carpel ; or when consolidated into a central 
column, and well covered with ovules, they ma}^ be said to form 
one (compound) placenta. Then when the dissepiments early 
disappeai*, or are abortive from the first, the result is a compound 
ovary of this class, 

499. With one Cell and Free Central Placenta. In Caryo- 
ph^dlaceae (Fig. 549, 550) and Portulacacece, this evidently 
results from the obliteration of the dissepiments (as many as 
there are styles or stigmas), vestiges of which may be sometimes 


. FIG. 546 IMagram (ground-plan) to illustrato ft^e central placentation produced 
by abortion of dissepiments 647. Same of strict parietal placentation 648. Same with 
the placentfB carried inward on imperfect dissepiments. 
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detected, while certain plants of the same families, of otherwise 
identical structure, retain the dissepiments even in the frait. 

500. But a similar condition may equally ansc 
from a modification of parietal placentation, namely, 
with the margins of the leaves ovuliferous onl}’ at 
bottom, and the placentse there conspicuously devel- 
oped and completely united. The basal placenta- 
tion of Dionsea is unavoidably’ so explained, its 
nearest relative, Drosera (Fig. 553) , having parietal 
placentae. And this leads to a probable explanation 
of the case in Primulaceae, where a large free central 
placenta fills the centre of the cell, and no ti*ace of 
dissepiments can be detected.^ 

501. The idea maintained in former editions is 
still adhered to ; namely, that placentae belong to 
carpels and not to the cauline axis, in other words, 
that ovules are productions of and borne upon leaves, usually 
upon their margins, not very rarely upon other portions of their 
upper surface, rarely over the whole of it.® 

502. Ovules cover the whole internal face of the carpels in 
Butomus and its relatives, also of the Water-Lilies (both Nym 
phsea and Nuphar, Fig. 551) excepting the inner angle, to which 
they are usually restricted in other plants. And in the allied 
Brasenia and Cabomba, where the o-vnales are reduced to two or 
three, one or more of them is on the midrib, but none on the 



^ The placenta in this and like cases is rather to be regarded as an out- 
growth from the base of the carpellary leaves, combined over the floral 
axis Upon this interpretation, a central portion of the column may be 
(and sometimes must be) of axile nature, yet the ovules be borne upon 
foliar parts. See Van Tieghem, in Ann. Sci Nat. ser. 6, xii. 821) (1860) ; 
Celakowsky, Vergleichende Barstellung der Placenten, &c. (1876) ; Wanning, 
in Ann Sci Nat. ser. 6, v. 192. 

® Tliis view was first maintained as a general theory, and on critical 
grounds, by Brown, in Plantse Javaniem Bariores, 107-112. Schlcidon, End- 
licher, and others took the opposite view, i. e., tliat ovules are productions of 
the axis, even in parietal placentation, — an exceedingly far-fetched suppo- 
sition. In later days, the commoner view has regarded ovules as of both 
origins, as productions of the carpels in parietal, of the axis in at least 
some free central or basilar placentation. But at present the theory of 
foliar origm without exception, revindicated by Van Tieghem, and espe- 
cially by Celakowsky and Warming, again prevails. For the bibliography 
and an abstract of the various views, see Eichler, Bluthendiagramme, espe- 
cially the note in the preface to the second part (where he gives his entire 
adhesion to this conclusion) ; also Warmings memoir, De TOvule, in Ann. 
Sci Nat. ser. 6, v. 1877-78. 

FIG 549, Vertical section through the compound trioarprilary ovary of Spevgolarla 
rubra, showmg the tree central placenta. 550. Transverse section of the same. 
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margins of the carpellaiy leaf. In many species of Gentian, a& 
also in Cbolaria and Bartonia, of the same 
family, the whole internal face of a dicar- 
pellary ovary is thickly ovuliferous. 

503. Perhaps the parietal placentae in 
Pamassia (Fig. 552) are borae on the 
midribs of liie carpels, for they are directly 
under the stigmas, instead of alternate 
with them, as they normally should be. The same thing ocoui-s 
in Poppies and many other Papaveraceae, also in some Cruciferae ; 
and in some of the cases each stigma 

A is more or less two-lobed. This sug- 
gests the explanation,^ here probabl} 
the true one, which supposes that the 
placentae are borne on the leaf-maigins 
in the normal way, but that each 
stigma is two-parted (as if the carpel- 
lary leaf were deepl}’ notched at the 
apex, and so its two stigmatic leaf- 
margins separate, as Drosera illus- 
trates, Fig. 553), and that the two 
half-stigmas of .adjacent carpels have 553 
coalesced into one body, which would 
of course stand over the parietal placentae beneath. Each stigma 
in such a case, as well as each parietal placenta, would consist 
of the united margins of two adjacent cai^els. 

§ 2. In Gymkospebms. 

504. Gtmnospermous (that is, naked-seeded) plants are so 
named because the ovules, or bodies which are to become seeds, 
are fertilized by direct application of the pollen, which reaches 
and acts upon the nucleus of the ovule itself, not through the 
mediation of stigma and style. In the structure of their flowers, 
these plants are of a low or simplified t 3 "pe, in some respects not 
obviously homologous with the Angiosperms which now consti-^ 
tute the immense majority of phsenogamous plants. But, up to 
a comparatively late geological peiiod, Gymnosperms appear to 
have been the only flower-bearing plants. They are represented 

1 Given by Brown, in the Plantse Javanicse Rariores, above referred to. 

FIG. 551. Transverse section of an ovary of Nymphssa odorata, tlie carpels ovullfeiw 
008 over the whole In tenor surface. 

FIG. 5SSi, Pistil of Pamassia, with ovary transversely divided 
FIG 558. PlstU of Drosera fihlbrmls, with ovary transversely divided. 
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in the extant vegetable kingdom by three (or four) groups or 
orders, two of them small, and one comparative!}" ample and of 
wide distribution ; and all are so strikingly difierent from each 
other that they cannot be illusti‘ated b}" a common description. 
The largest order, Coniferse, is familiar, and contains a good 
share of the most important forest trees of temperate climates. 
The smallest, Gnetacese, chiefly tropical or of warm regions, 
lies between Gjmmosperms and common Dicotyledons. The 
thud, Cycadacese, is most remote from them, and as much so 
from Monocot^-ledons, except that it imitates Palms, as it 
also does the Tree-Ferns, in habit, both as to stem and foli- 
age. The particular morphology of Gymnosperms would re- 
quire for its illustration copious details and the history of various 
conflicting h3q)otheses. It must be relegated to the special 
morphology of the natural orders, premising, however, a brief 
sketch of the general floral structure.^ 

505. In Gnetacese, Gymnosperms and Angiosperms almost 
come together. The flowers have a perianth (diphyllous or 
tetraphjdlous) ; the stamens have a distinct filament and anther ; 
and the gynoecium is a sac (presumably of two caipophj"lls) 
open at the top and filled at bottom by a single ovule of the 
simplest kind, i. e, consisting of a nucleus destitute of coats. 
This pistillary body is attenuated and prolonged above the ovule 
into a style-shaped tube, with open and commonly two-cleft 
orifice. In the almost hermaphrodite sterile flower of Welwitschia, 
this takes the form of a much dilated stigma, which is even beset 
with seeming stigmatic papillae. If only the pollen were here 
to grow forth into poUen-tubes (with or without a closing of the 
tube) , angiospermy would be attained. But, in fact, the pollen- 
grains bodily reach the ovule itself through the tube, fertilizing 
it directly.** This interesting group of plants consists of the 

1 References to the literature of gymnospemiy and to the steps of the 
prolonged controversy over it, also the points of morphology still in part 
unsettled, need not hero be given The history and the idea of gymnospermy 
began with Robert Brown’s paper on Kingia, “ with Observations , on 
the Female Flower of Cycadeae and Coniferse,” read before tho Linnean 
Society in the year 1825, and published in Kin^s Voyage in 1827 ; and the 
bibliography down to a recent date is given by Kichler in Flora Brasiliensis, 
Gymnospermia,iv. 436, and in Bluthendiagramme, i. 65-60; also ii. preface x. 
See also Alph DeCandolle, Prodr, xvi.® ^6, 624. In this volume, the late 
Prof. Parlatore adhered to the ancient ideas in his monograph of the Coniferse. 

* The view here implicitly adopted is that of Beccari, founded on the study 
-of Gnetum, and published in Nuovo Giomale Botanico Italiano, ix. 1877. 
It was before nearly or quite reached in successive steps, by J. I). Hooker, 
in his classical memoir on Welwitschia, in Trans, Linn. Soc. xxiv.; Stra$- 
burger, Die Coniferen und die Gnetaceen, 1872; and W. R, MgNab^ in 
Trans. Linn. Soc. xxviii. 1872. 
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genus Gnetum, shrubs or trees, with nearly the aspect of 
Angiospenns, having broad and pinnately-veined leaves ; Wel- 
witschia of tropical W. Africa, remarkable for its persistent 
cotyledons which form the only foliage of a woody and long- 
enduring plant, and for its stem or trunk which broadens with- 
out lengthening, except in its flower-stalks ; also Ephedra, of 
much branched shrubs, mainly of warm-temperate regions, leafless 
or nearly so, one species of which inhabits Europe and two the 
southern borders of the United States. 

506. The flowers in all Gymnosperms are diclinous, either 
dioecious or monoecious ; except that those of the strange Gneta- 
oeous genus Welwitschia are structurally polj^gamous, the male 
flowers having a well-formed but sterile g^moecium. 

507. In Ooniferee, the largest and most important type, are 
embraced all the familiar Gymnosperms of temperate regions. 

Pines, Firs, Cedars, C 3 "presses, which 
bear their flowers in catkin-like clusters 
and their fruit in cones, and also the 
Yews and allied trees which do not 
produce cones. Perianth being want- 
ing and the sexes wholly separate, the floral type 
is so degraded tbat it becomes doubtful whether 
each cluster of anthers, or of ovuliferous scales 
or ovules, constitutes a blossom or an inflores- 
cence. Certain botanists look upon a whole 
catkin, and others upon a male catkin only, of 
a Pine or Fir as forming one flower. It is here 
assumed that each stamen 
of the one and each ovu- 
liferous scale of the other 
answers to a flower of the 
simplest sort. 1 The anthers 
are extrorse, the cells or 
pollen-sacs belonging to the outer or lower side of a scale or a 


1 It will he seen that, for the female flowers, this follows of course from 
generally accepted view ; and, where this is conceded, analogy may extend it 
to the male catkins also: yet in such cases, where all the phylla of an indefinite 
simple axis are stamens, spirally arranged on it, the difference between 
inflorescence and male flower completely vanishes. 

EIG. 564 Female flower of a Yew, an ovule surrounded by its bracts 666. Longi- 
tudinal and more enlaiged section of a female flower of Yew and of the upper part of 
the shoot it terminates * the thick coat of the ovule open at the top, the nucleus within, 
and the beginning of the disk outside of the coat, are seen m section After Stras- 
bnrger 

PIG. 656. Young fruit (herry-hke cup surrounding the seed) of Yew. 667. Longi- 
tudinal section of a inuture fruit of the same. After Decaisne. 
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connective : sometimes these sacs or cells are two, and the organ 


evidentlj' homologous with an ordinary stamen : often thej’ are 
more numerous (from --== 5 . 

three to twentj’) and V 1 AJ 

variously disposed. (f £ ^ \ VJ 

508. The Yew Fam- (1 U' M V'f 

ily (Taxinese) is next to II n [ | 

Onetacefle in stnicture. ’’/j |! || [ | 

It is generaltyranked as /./^ ill 1 | 

a suborder of Coniferse, SBB 558 

but it ma}" claim to be a distinct order. The gjmoecium is a 
naked ovule, terminating a stem,^ and surrounded by several 


bracts. After fertilization, an outgrowth of the 
receptacle (or a land of disk, 894) makes its 
appearance as a ring girding its base : this 
grows in height and thickness, and becomes a 
sofb-fleshy cup, imitating a hollow berry, in 
die bottom of which the stony-coated seed 
nestles. (Fig. 654-^57.) Very similar is the 
gjmoecium of Torreya, except- that the cup- 
shaped disk develops almost simultaneously 
with the ovules, and as it grows becomes adnate 
to the large seed in the form of a 
fleshy coating. In the Gingko, two 
or more similar ovules are nakedly 
developed on a naked peduncle, un- 
accompanied even by a bract (Fig. 

558) , and one or more of these ripens 
into the beny-like seed, Fig. 559. 

In Podocarpus there are some sub- 
tending bracts, and the naked ovule 




1 It does not therefore follow that the ovule is a part of the axis, or is 
terminal in the sense of being its direct continuation In this regard it may- 
be only what tlie pistil of a Cherry is, which to all appearance is equally a 
terminal production, but is really the representative of the last leaf of the 
axis. If so, that leaf is here suppressed to the utmost, and replaced by 
what IS ordinarily its outgrowth, the ovular nucleus and its coat. The 
structure of Podocarpus favors this interpretation. 

PIG. 558 Female flowers of Gingko biloba or RaJlsburia adlantifolia. 558ee, Portion 
of the same enlarged After Strasburger. 560 A drupaceous seed of the same, in 
vertical section, exhibiting the mature <liBk whltdi forms the flesh, the cmstnceous seed- 
coat, within which is the kernel of the seed , at the base on one side a sterile ovule is 
seen After Decnisne 

FIG 560, Female flower of Podocarpus (an ovule inverted on a column or elevated 
support), snbt6nde<l by bratds. After Ifiichler 

FIG. 661. Magnifled vertical section of a similar flower of Podocarpus After 
Strasburger. 
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is inverted on a more or less lengthened and stout support, which 
is conceived to represent the carpel. (Fig. 560, 561.) 

509. In the true Coniferse, to which Pines, Cypresses, and all 
such cone-fruiting trees belong, the ovules are borne on or in 
the axils of scales which are imbricated on a simple axis, in a 
spicate or capitate manner ; and the male flowers, each a single 
stamen, are also similarly spicate or capitate. Both are com- 
monly termed aments or catkins ; and the female 
ones properly so, according to the present view; 
but the only scales of the male catkins are parts 
of the anther, being a dilated tip of the connective 
in Pines, and a scale bearing anther-cells or pollen- 
sacs on its back in C^'press. 

510. In the Pine tribe the flowering female catkin consists of 
bracts, spirally imbricated on the cauline axis : in the axil of 

each bract or sterile scale is developed a scale 
which bears two ovules, and is therefore regarded 
as of cai'pellary nature. These ovules are pro- 
duced on the lower part of the upper face of this 
carpellary scale, and are wholly adherent to it 
quite to the orifice, which is directed downward. 
(Fig. 562, 563.) The ovuliferous scale in 
becoming fructiferous usuall 3 ' much and soon out- 
grows the bract, which is concealed in the Pine- 
cone (or sometimes obliterated) ; but it remains 
conspicuous in sundry Fir-cones. After fertil- 
ization, the scales, successive^ covering each 
other in close imbrication, protect the growing 
seeds as effectually as would a closed ovaiy. 
Sooner or later after ripening the scales diverge, and the seeds 
peel off the face of the scale with a wing attached, and fall or 
are dispersed by the wind.^ 




1 Among those who admit as well as those who reject gymnospermy, 
there has been much controversy over the morphology of the parts. With 
the former, the discussion turns on the character of the ovul&erous scale. 
As to this, the hypothesis originally proposed by Mohl, and adopted by 
Braun, is now said to be satisfactorily demonstrated by Stenzel, in Nov. Act. 
Nat. Cur. xxxviii. 1876. See note by Engelmann in Amer Jour ScL Dec. 
1876, and also the preface to the second part of Bichler's Bltithendiagramme, 

nCG 662 View of the upper face of a oarpellaiy soalo of a Larcb, showing the pair 
of adnate ovules 

BIG. 663. Similar view of a carpellary scale of a Larch, and of a bract behind It. 
564 Ground plan of the same lu diagram, reversed ; the upper figure denoting the axis 
of the cone, the lower the bract, the middle one the carpeUary scale and the two ovules 
borne on its fhce. Alter Eiohler. 
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511. In the Araucaria tribe the ovuliferous or carpel-scale is 
throughout smaller than the bract, and is completely adnate to 
it, or with only the tip free ; that of Araucana (Fig. 565) bears 
only one ovule, high on the carpel, the orifice downward as in 
the Pine tribe. In Taxodium, Sequoia, and the like, the cone- 
scale is equall}" infen’ed to be composed of bract and caiTpel-scale 
united ; and indications of this composition are to be observed. 
The ovules (from two to several) are at the base of the scale, 
erect and free. The cone-scales are alternate and spiral on the 
axis, but indistinctly so in Taxodium, the Bald C}q)ress or 
so-called C;yT)ress of the Southern United States. 

512. In the true Cypress tribe (Cupressinese) the cone-scales, 
which are never numerous, are opposite or veiUcillate, L e, like 
the foliage-leaves, in whorls of twos, thi'ees, or v 
sometimes fours ; and the ovules are from two to 
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1878, where it is fully adopted. It was suggested by certain rather common 
monstrosities, and by the two combined leaves of Sciadopitys. 

According to this view, the ovuliferous scale in the Pine tribe is com- 
posed of two leaves of an arrested and transformed branch from the axil of 
the bract, which are in the normal manner transverse to the subtending 
bract, are here carpeUaiy, each bearing an ovule on the dcrsal face ; the two 
are coalescent into one by the union of their posterior edges, and the scale 
thus formed is thus developed with dorsal face presented to the axis of the 
cone, the ventral to tlie bract. It is therefore a compound open carpel, 
composed of two carpophylls This character of being fructiferous on the 
back or lower side of the leaf occurs in no other phsenogamous plants, but is 
the rule in Ferns, from something like which Coniferse may be supposed to 
have been derived ; the ovules of the one in this regard corresponding to the 
sporangia of the other. 

FIG. 665. Vertioal section (in diagram) of a bract, adnate carpel-scale, and adnate 
ovule of Araucana imbrioata. After Eicbler. 

FIG. 566 Bmnchlet of the Amencau Arbor-Vltte, oonsldemldy larger titan In na^ 
tuie, with a fomting fertile cone 667 One of the scales removed and more enlarged, 
the inside exposed lo view, showing a pair of naked erect ovules on its base. 

FIG. 568 Fertile flowers of true Cypress (Oupressus sompervlrens), after BaUlon : a 
forming cone, with oiio scale out awt y, to show the cluster of ovules under It. 

18 
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several at or on the base of each cone-scale, always with orifice 
npward. Arbor-Vitse (Fig. 566, 567) has a single pair of ovules 
to the scale ; Junipers, sometimes orJy one ; true C^'presses (as 
in Fig. 568), often a dozen or more. At flowering time, the cone- 
scales mostly appear as if simple ; but in most genera they soon 
thicken greatly within ; and they are usually understood to be 
composed of bract and carpel-sc^e combined, the latter of the 
same constitution as that of Pines and Spruces, but perfectly 
consolidated and confluent with the bract-scale.^ 


m m m sn 
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518. In Oycadaceae, the type of the flower of Angiospenns is 
almost or <][uite lost ; yet the organs may be homologized with 
those of Coniferae, which these plants are wholly unlike in habit. 


1 This internal and ovulif erons scale may seem to be wholly hypotheti- 
^sal, and assumed to homologize the cupressineous with the abietineous 
• cone. Wthout it, we should have to consider that, while in Abietinese the 
ovules belong to leaves of a secondary axis, in Cupressinese they are borne 
on those of a primary axis, or else are axillary productions without carpels. 
But in the Araucaria tribe the internal scale is obvious ; and there are snjfl- 

EIG. 569-67S. Zamla, chiefly Z. media, after Blchard. 669 A male plant WO. 
Jjowec part of a male catkin. 571. A stamen r^noved, showing numerous small pollen- 
sacs under the peltate top W2. A femsJe catkin, with a quarter section cut away. 
W8 A female flower or carpel, with two enlarging ovules or young seeds. W4. Eipe 
seed, with the thick fle*.y coat cut away at apex 675. Longitudinal section of ripe 
seed, more enlarged. 
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Their likeness to Palms and other Monocotyledons is confined to 
the port of their unbranched trunks and their pinnate leaves 
with parallel-veined or simple- veined leaflets ; nor have they any 
further resemblance to Ferns, except that in some the leaflets are 
circinate in vernation. Although a ti-opical t^^pe (of small present 
importance, compared with the part which it played in the 
Devonian and Cretaceous periods) , it has one small representa- 
tive (Zamia media, the Coontie) at the south-eastern extremitj' of 
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the United States, and a more striking one (Cycas revoluta, well 
known in cultivation) in the southern parts of Japan. 

514. Following the analogy of Conifer®, each scale (whether 
of the pollen-bearing or the ovule- and seed-bearing ament) of 
Zamia (Fig. 569-575) is here regarded as a flower. Here the 
ph 3 *ILa, or scales with peltate top and stalk-like base, are exter- 


cient indications of similar composition in the cupressineous cone-scales te 
induce the adoption of it by Parlatore, who rejected the idea of gymnoapenny } 
and, finally, this composition is near]^ demonstrated by VanTieghem (1868) 
upon the anatomical structure, and by Strassburger ( 1872) on the development 

FIG S76-5T8, Oarpophylla of Oyoas revoluta, mattk reduced in else. 576. One 
bearing ovules below and leaflets or leaf-lobes towards the apex. 577. A similar oavpo- 
pbyll with leaf-lobes reduced to mere teeth, and ovules in place of the lower te^h* 
578, A similar oarr>opliyll in matuie fruotifluatlon, bearing the large dnipaoeons naked 
seeds. The last two after liichard 
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nally mnch alike in the two sexes, which throughout the family 
occupy separate plants. The male flower (Fig. 568) or stamen, 
if it may be so termed, bears indeflnite pollen-sacs on the under 
side of the peltate portion, sometimes extending to che upper 
part of its stalk. The homologous female flower, or carpophyll, 
bears a suspended ovule on each side of the stalk (Fig. 573), 
which becomes a large fleshy-coated seed. In Cycas the male 
ament is not very dissimilar, although on a larger scale. But 
the carpophyUs are evident leaves, not condensed into an ament, 
but loose or spreading, of a character and aspect intermediate 
between the lax bud-scales which precede and the pinnate fohage- 
leaves which follow them in development. Along the margin 
of what would be leaf-blade they bear ovules in place of leaflets, 
lobes, or teeth (Fig. 576-578) ; and these, when fertilized from 
the male flowers, mature into large and drupaceous naked seeds. 
Even without fertilization, such seeds grow to their full size on 
the female plant of the common Cycas (or falsely so-called Sago 
Palm) , but form no embryo. 


SEcmoN Vm. The Ovulb.^ 

515. OTules (302) are peculiar outgrowths or productions of 
carpels which, upon the formation of an embr^^o within, become 
seeds. In the angiospermous gynoecium (476) they are nor- 
mally produced along the margins, or some part of the margins, 
of the carpellaiy leaf (478), either immediately, or by the in- 
termediation of a placenta (485), which is a more or less evident 
development of the leaf-margins for the support of the ovules. 
Rarely, yet in a considerable number of cases (501, 502) , ovules 
are developed from the whole internal surface of the ovary, or 
from various parts of it, in no definite order, directly from the 
walls, and without the intervention of any thing which can be 
regarded as placenta. In Gymnosperms (504-514) the ovules 
are borne on the face of the carpellary scale or at its base ; or 
on leaf-margins, as in Cycas ; or, when there is no representa- 
tive of the carpel, on the cauline axis, seemingly as a direct 
growth of it (508, note.) 

516. As to attachment, ovules are either sessile, i, e. stalk- 
less, or on a stalk of their own (Fig. 582, 584), the Funiculus 
or PonosPEBM. As to number they are either solitary, few, or 


1 liEt. OvtiunHf pi. Ooula, dimixuitiTe of ovum (egg)^ perhaps first used by 
Adansou 
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Indefinitely numerous. They may also be indefinite or variable 
in number when not particular!}" numerous. 

517. As to situation and direction within the ovary, the terms 
are somewhat special. Ovules are erect^ when they rise from 
the very bottom of the cell, as 
in Fig. 580 ; ascending^ when 
attached above its bottom and 
directed upward, as in Fig. 579 ; 
horizontal^ when borne on one or 
more sides of the cell and not 
directed either upward or down- 
ward, as in Fig. 314, 315, 530; 
pendulous, when more or less hanging or declining from tlie side 
of the cell ; suspended^ when hanging from the apex of the cell, 
as m Fig. 581. 

518. The body and only essential part of an ovule is its 
Nucleus. This in most cases is invested by one or two proper 
coats. The coats are sacs with a narrow orifice, the Foramen. 
In the seed, the closed vestige of this orifice is termed the 
Micropyle; wherefore this name is sometimes applied to it in 
the ovule likewise. When the ovule has two coats, the foramen 
of the outer one is called Exostome, of the inner Endostomk ; 
literally the outer and the inner 
orifice. The coats themselves have 
been named Priminb and Secun- 
niNE, but with an ambiguity in the 
application which renders these 
names unadvisable: for in their 
formation the coats appear later 
than the nucleus, the inner coat 
earlier than the outer; and the 
name of primine has by some 
writers been applied to the earlier 
formed, by others to the external coat. The proper base of the 
ovule, from which the coats originate and where these and the 
nucleus are confluent, is the Chalaza. The attachment of the 
ovule to its ftinioulus or support, which in the seed becomes the 




no 679. Ovary of a Buttercup, divided lengthwise, to display its ascending ovule. 
680. Same of Buckwheat, with an erect ovule. 581. Same of Anemone, with a sus- 
pended ovule. 

FIG. 582. Diagrammatic section of a typical or orthotropous ovule (sneh as that of 
Fig. 582a), (lowing the outer coat, a, the inner, 5. the nucleus, c. the chnla^a, or place 
of Junction of these parts, <?, (The coats are never so separated and the nucleus so re- 
duced in size as Is represented in this mere diagram.) 588. An ovule similar to the 
preceding, but curved, or oampylotropous. 584. An anoptiitropous ovule. 
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Hilum^ tcikes also this latter name in the ovule. In the simplest 
form of ovule (as in Fig. 582, 580), hilum and chalaza are one. 
So also in cases where the body of the ovule incurves, as in Fig. 
583 . But very commonly the place of attachment, which becomes 
the hilum, is more or less distant from the chalaza ; as in Fig. 584 
and 587, where the hilum is lateral, but the chalaza at the larger 
end, the two being connected by a short ridge ; and in Fig. 588 
the two are separated by the whole length of the ovule. 

519. The simplest and most rudimentary ovule is that with- 
out a coat, as in Mistletoe and the whole order Loranthacese, and 
in Santalacem and Gnetacese. This has been called a naked 
ovule ; but long before ovules of such simplicity were known 
this term had been appropriated to those of Gjminosperms, in 
the sense of destitute of ovanal or pericarpial covering, z. e. to 
uncovered oviclej not to uncovered nucleus. The ovule consist- 
ing only of nucleus may be termed (after Alph. DeCandoUe) 
simple^ or better achlamydeous^ 

520. The tunicated or chlamydeous ovule is of three principal 
Muds, with one or two subordinate modifications. These are 
the orthotropous^ campylotropous^ and anat^opous^ and the modi- 
fication called half-anatropous, or amphitropous.^ 

521. Orthotropous (Fig. 580, 582, 585), or straight ovule, is 
the simplest but least common species, being that in which the 



chalaza is at the evident base, and the orifice at the opposite 
extremity, the whole ovule straight (as the first part of the name 
denotes) and symmetrical. Atropous^ meaning not turned at 
all, is a later and etymologically much better name, but it has 


1 An epidermal stratum or tegument may not be wanting to such ovules, 
forming a sort of adherent covering; but this in nature and origin is not 
similar to the ovular coats. 

2 In Latin form, crthotr(paf campylotiropaf anatropay amphitropa, — names given 
by Mirbel, and referring to the way in which the ovule is turwd either on 
itself or on its support. Some English botanists Incongruously write ordio^ 
tropdly campyhtropaly &c. 

FIU. 685 Orthotropons or Atropous ovule of Buckwheat 686. OampylotropouB 
ovule of Chiokweed. 68T Amphltropous ovule of MaUow. 688 Aiwtropous ovule of a 
Violet The letter h indicates the hilum; c. the chalaza, which In 686 and 686 corra- 
QKinds to the hilnm ; y, the foramen or oiifloe; r, the rhaphe. 
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not come into general use. This ovule is characteristic of 
Polygonacese, the proper Urticjaceee, Cistaceee, &c. 

522. Gampylotropous (Fig. 583, 586) is the name of the ovule 
which in the course of its growth is curved on itself so as to 
bring the orifice or true apex down close to the base, here both 
chalaza and hilum. This and the orthotropous ovule begin 
their development on the placenta in the same way, but the 
campylotropous develops unequall}”, one side enlarging much 
more than the other, especially at the base, until the ovule 
becomes reniform, and chalaza and orifice are brought into 
close proximit 3 ^ Campylotropous ovules ai'e characteristic of 
Cruciferae, Capparidacese, Resedaceae, Caryoph 3 "llaceae, and 
Chenopodiaceae. 

523. Amphitropons (Fig. 584, 587), also termed Heterol/ropous 
and sometimes Half-anatropous^ is between the preceding and 
the following ; and it passes in various instances either into the 
one or into the other. The body of ttie ovule is straight or 
straightish, but it stands as it were transversely or at right 
angles to the funiculus and hilum ; and it is fixed by the middlo, 
the chalaza at one end, the orifice at the other. An appai'ent 
continuation of the funiculus, adherent to the outer coat, extends 
from the hilum to the chalaza. Compared with the preceding 
form, the explanation is, that the unequal development at its 
formation is confined to the basal half, and the axis remains 
straight, while the whole is half inverted by’' the very unequal 
growth. Compared with the next form, the inversion is less 
and the later growth or extension of the apical portion greater. 
The amphitropons ovule is characteristic of Primulacese, and 
is common in Leguminosse. 

524. Anatropous (Fig. 588, also 579, 581, 597) is the name 
of far the commonest species of ovule, that in which the organ, 
imder the course of its growth, is quite inverted on its base ; so 
that, instead of standing at right angles with the funiculus, it is 
parallel with it, or rather with the apparent continuation of 
it, which is adherent to its surface as a sort of ridge or cord 
extending along the whole length of the ovule, from hilum to 
chalaza. The latter occupies the seeming apex of the seed ; 
and the organic apex or orifice is at the other end, close beside 
the hilum. At maturity, the ovule is straight, but not wholly 
symmetrical, the attachment being oblique or somewhat lateral, 
and the ridge or cord on that side not rarely prominent. 

525. The cord or ridge, which extends along the whole length 
of the anatropous ovule, and for half its length in the amphi- 
tropous (Fig. 588, 587, r), is named the Rhaphk. This is not 
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at all a seam, as the Greek word denotes. Its origin, and the 
whole structure of such ovules will be apprehended by comparing 
various stages of its growth. 

526. All ovule of any kind at the beginning is an 
excrescence or outgrowth of the jDlacenta, or of some 
part of the leaf-surface if there is no developed 
placenta. This incipient ovule is the nucleus (518) , 
or the nucleus surmounting a rudimentaiy funiculus. 
The nucleus is soft cellular tissue only, from first to 
/ A \ last. The achlam 3 "deous ovule (519) undergoes no 
1 development except in size or shape. Indeed 

y sometimes (as in Balanophoreae) this bare nucleus 
is reduced to a few cells of parenchyma. 

527. In ordinary ovules a new growth earlj’ begins around 
the base of the nucleus, or is sometimes coetaneous with it, at 
first as a ring (or part of a ring), soon as a cup, at length as 
an enclosing sac or covering, open at the top ; this is the inner 
coat of the ovule when there are two. The outer coat begins and 
goes 6n in the same way, and at length grows over and encloses 
the inner coat as that did the nucleus. (Fig. 590-595.) When- 
ever there is a third and more exterior coat it is formed during 


the growth of the fertilized ovule into the seed, to which there- 
fore it belongs, and in which it takes the name of arillus. (597.) 
At the time of fertilization the apex of the nucleus, or a pro- 
longation of it, usually projects bej^ond the orifice and there 
receives the descending pollen-tube. Some fibro-vascular tissue, 
especially spiral ducts, may be found in the ftiniculus and cha- 
laza, sometimes extending into the coats. 

528. The development of the orthotropous or atropous (un- 
turned) ovule proceeds sjTnmetrically, without distortion, the 





parts keeping their primitive direction. In the campy lotropous, 
the whole of one side of the ovule greatly outgrows the other. 


FIG. 589. Magnified view of a vertical section of a carpel of Magnolia Umbrella, 
about a month before anthesis, lowing one of the two nascent ovules, at this time 
only nucleus 

FIG. 690^. Further development of the ovule of Magnolia Umbrella, showing the 
mrmation of the coats and the anatropy 590. Ovule a week older than In 589 591. 
same a webk or two later. 592. Same a few days later 593 Same from a nearly fell- 
grown flower-hud. 594 Sameattlmeofanthesls. 595 Vertical section of the last through 
the middle of the rhaphe 596 Oroas-sectlon of the same (See Jour Linn. Soc. il 108.) 
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In the anatropous, the inequality of growth is mainly confined 
to the base or chalazal region, w’hieh ends by becoming upper- 
most ; and the full-grown o\ ule has the ap- 
peai'ance of being inverted on and adherent 
to the upper portion of its funiculus, the 
rhaphe. Fig. 589-597 illustrate the course ^ 
of development from a comparatively early 
period. 

529. The direction of anatropy or of other 
turning of the ovule in the course of growth 
is somewhat diverse. But in general, when- 
ever ovules are in pairs, the two turn from 
each other, in the manner of Fig. 315, and so present their 
rhaphes back to back. The rhaphe-bearing ma^’* therefore be 
called the dorsal side of the anatropous ovule. The same is true 
in the case of numerous ovules, viz., those of one half of the 
placenta (or one leaf-margin) turn their backs to those of the 
other. When such ovules are solitary or in single rows, and 
either ascending or hanging, the rhaphe is usually on the side 
next to the placenta or ventral suture, as in Fig. 579 : it is then 
said to be vmtral {L e,, next the ventral suture), or adverse to 
the placenta. In certain cases, mostly in hanging ovules, as in 
Fig. 581, the rhaphe looks in the opposite direction, toward the 
dorsal suture or midrib of a simple ovary : it is then said to be 
dorsal or averse from the placenta.^ 



1 By comparison of Fig. 678 with 676 and the like, it may be perceived 
that the difference is explicable by a kind of resupination of the ovule of 
the former. That of Banunculus, if inserted liigher, would become hori- 
zontal ; and if the insertion were transferred to the very summit of the cell, 
it would be suspended and the rhaphe averse, as in Fig. 681 Upon this 
conception, Euphorbia and its allies has normally suspended ovules, the 
rhaphe being next the placental axis, and Buxus and its allies, resupinately 
suspended ovules, the rhaphe averse. The propriety of regarding the ad- 
verse rhaphe as the normal condition is confirmed by the fact that the only 
instance we know of solitary erect ovules from the base of the cell having 
the rhaphe averse is that of Rhamnus and its allies ; and here it was shown 
by Bennett (in PI. Javan. Rar. 181), and confirmed by the analyses of 
Sprague (Gray, Gen. R1 ii. 168, plates 163-160), that the rhaphe of the young 
ovules is ventral, so that the dorsal position, when it occurs, is the result 
of torsion J. G Agardh (in his Theor. Syst. PI, 178, &c.) mamtains the 
contrary, but is not sustained by later observers. 

Accordingly, even if we adopted Agardh’s estimate of the botanical 
value of the characters here considered, we should prefer to express these 
differences in the phraseology above indicated, and not to adopt his terms, 

PIG 597. Same as 69.5 more t)nR«nlfle<l ; the outer coat (o) the inner (5), nucleus (c), 
and the bundle of spiral ducts (d) in the rhaphe (running from placenta to c h alas a ) 
indlARted. 
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530. Origin and Nature of the Ovule. It has been abeady 
stated in general terms that ovules are peculiar outgrowths 
or productions, generally of the margins of carpellar^' leaves 
(515) ; that the^' are composed of parenchymatous cellular sub- 
stance, at least as to the nucleus, of ’which the simplest ovule 
wholly consists (526) ; that the coats originate subsequent!}' to 
the nucleus ; and that the outer coat is of later origin than the 
inner one. (518.) The mamiliform protuberance of which the 
forming ovule at first consists originates in one or more cells of 
a layer directl}' beneath the epidermis.^ 

531. The morphological nature of the ovule has been much 
discussed. The commonly prevalent view was that the ovule 
is homologous with a leaf-bud, and that its nature is in some 
degree illustrated by such buds as those which develop on the 
margins of the leaves of Br^'ophyllum, as shown in Fig. 322. 
But such buds, and the bulblets or fleshy buds which appear on 
the face of certain leaves, follow the universal order of budding 
growth, that is, are centripetal in development, the outermost 
parts being the earlier and the inm ost the later formed. The 
ovule, on the contrary, is basipetal or centrifugal in develop- 
ment, the nucleus being first and the outer coat last formed ; 
therefore the coats are not homologous with sheathing leaves, 
nor the nucleus with a vegetative axis. The older theory has 
accordingly given way to the present one, in which the ovule 
answers to the lobe of a leaf peculiarly transformed, or to an 
outgrowth of a leaf, whether from its edges or surface. The 


apotropous, epitropmiSf and heteratropous (the first two new, the last employed 
in a new sense), the more so since the application is confused with hypo- 
thetical considerations and the necessity of bnnging the ovules ideally hack 
to ascending or horizontal positions It may be stated, briefly, that Hetero- 
tropovSf in Agardh's terminology, applies to the normal position of collat- 
eral ovules, with rhaphes back to back, in opposite directions on the two 
halves of the placenta ; Apotropous, to an erect or ascending ovule with its 
rhaphe next the placental axis, and a hanging one has its rliaphe averse 
from it ; EpitropouSj when an erect or ascending ovule has its rhaphe averse, 
and a hanging one has it adverse. 

1 Hofmeister’s statement that the simple ovule of Orchis originates in 
the division of a single epidermal cell (and is therefore a trichome) is con- 
troverted by Strasburger and by Warming. The latter adds the remark, 
that even if it were so in cases of extreme simplicity, this would not invali- 
date the proposition that the ovule is to be regarded as the homologue of the 
lobe of a leaf. Such a lobe is not rarely reduced to a single bristle For 
the whole subject of the origin, development, morphology, and theory of the 
ovule, see Warming’s very elaborate and perspicuous memoir, De I’Ovule j 
also the papers of Celakowsky, Van Tieghem, &c., referred to in notes to 
paragraphs 600 , 601 . 
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great advantage of this view is that it serves to homologize the 
finictification of Flowering Plants with that of the higher Flower- 
less Plants, or the Ferns, the sporangia or analogues of the 
ovule being outgrowths of the leaf.^ 

532. Origiiiation of the Embryo. The whole process of fer- 
tilization and the resulting produc- 
tion of the embryo, also the history 
of the subject, belongs to the suc- 
ceeding volume, involving as they 
do questions of minute anatomy and 
of ph 3 "siology. But a general idea 
may here be given of the way in 
which the embiyo originates. The 
tube which a grain of pollen sends 
forth into the stigma (574, 575) 
penetrates the style through loose 
conducting tissue charged with 
nourishing liquid, reaches the cavity 
of the ovary, enters the orifice of an 
ovule to reach the apex of the nu- ^ 
oleus, although the latter sometimes 
projects to meet the pollen-tube. 

Meanwhile a cavity (the embryo^ * 
mc^ which is formed by the great 
enlargement of a single cell of the 
tissue, or of two or more cells the 
product of a mother cell) forms in 
the nucleus, the upper part of it 
•commonly reaching nearly or quite 
to the apex of the nucleus, which 
the pollen-tube impinges on or 
sometimes penetrates. A particular portion of the protoplasm 
contained in the embryo-sac forms a globule, and this at the time 

‘ The advocates of this view naturally maintain that ovules and placenta 
always belong to leaves, and never truly to a cauline axis; that in the pre 
central placentation of Primulacess, the actual ovuliferous surface is an out- 
growth of the bases of the carpellary leaves coalescent with each other and 
«dnate to a prolongation of the torus • also that in those Gymnosperms which 
have no carpophyll, such as Tew, the whole nascent carpellary loaf, or rather 
the papilla which would otherwise develop as such, is directly developed into 
•ovule. This, being solitary and the last production of the axis, necessarily 
appears to terminate it. ( 600 , 601 , notes.) 

PIG. 698. Diagram representing a magnified pistil of Buckwheat, with longitudinal 
section through the axis of the ovary and orthotropous ovule ; some pollen on tl>e Bttgroes. 
one grain distinctly showing Its tube, which has penetrated the style, reappearwl in the 
cavity of the ovary, entered the mouth of the solitary ovule (o), and reached the 
mbryo-sao (a) near the embryoxud vesicle (v). 
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of fertilization is found at the apex of the sac, at or adjacent to 
the part reached hy the pollen-tube. Not rarely it adheres to the 

wall of the sac exactl}’ 
opposite the termination 
of the pollen-tube. This 
is called the embryonal 
vesicle. To it the con- 
tents of the pollen-tube 
are in some manner trans- 
feiTed. Upon which it 
takes a more definite 
shape, acquires a wall of 
cellulose, and so becomes 
a vegetable cell. This 
divides into two, the lower 
again into two, and so on, forming a chain (the svspensor or joro- 
emhryo). The terminal cell of this divides again and again in 
three directions, producing a mass of cells which shapes itself 
006 606 007 into the embryo, the initial 

a A A plant of a new genera- 

/I /d Itv ir J Ordinaiily the sus- 

pensor soon disappears. 
It is attached to the I'a- 
dicular end of the em- 
bryo, which consequently always points to the foramen or 
micropyle of the seed. The process in Gjinnosperms is more 
complex, and has to be separately described. 

533. Polyembryony^ the production of two or more embryos in 
one seed, is not uncommon in Gymnosperms (there being a kind 
of provision for it), and is of occasional but abnormal occurrence 
in Angiospenns, in the seed of Mistletoe, Santalum, &c. In 
these it results from the production and fertilization of more 
than one embryonal vesicle. Strasburger has recently ascer- 
tained that the commoner polyembryony in the seeds of Onions, 
Oranges, Funkia, &c., results from the production of adventive 
embryos, which originate in the nucleus outside of the embrj’o- 
sac and wholly independent of fertilization.^ Two kinds of 



^ Strasburger, Ueber Polyembryonie, in Zeitschr. Naturwis Jena, xii 
1878 (see Amer. Jour. Sci April, 1879). It was found that when, by exclu- 
sion of pollen, the formation of a normal embryo was prevented, no adventive 

PIG- 699 Dia^am of the suspensor and Incipient embryo at its exrremlty. 600 
The same, with the embryo a lithe more developed. 601. Tlie same, more developed 
stiU, the cotyledons fhintly mdicated at the lower end 602 Same, with the incipient 
cotyledons more manifest 603 The embryo nearly completed. 

FIG- 604-606. Forming embryo from a half-grown seed of Buckwheat, m three stages. 
607. Same, with tlie cotyledons hilly developed. 



THE EETJIT. 


285 


anomalous reproduction are therefore now known, which are 
intermediate between sexual and non-sexual, between budding 
and fruiting propagation, viz., — 

Apogamy^ which is budding growth or prolification in place of 
that which should subsen^e sexual reproduction. This was dis- 
covered in Ferns by Prof. Farlow, while a pupil of De Bary, by 
whom our knowledge of the process has recently been extended, 
and this name imposed.^ The production of bulblots in place of 
seed or embryo answers to this in Flowering plants. 

PartJienogmy^ the counterpart analogue of apogamy, is the 
non-sexual origination of an embryo extraneous to the embryonal 
vesicle or even the embryo-sac. However abnormal, its occur- 
rence* is probably not so rare as has been supposed. 


CHAPTER Vn. 

THE PRtJIT. 

Section I. Its Structure, Transformations, and Dehiscence. 

534. The Fmit consists of the matured pistil or gynoecium 
(as the case may be) , including also whatsoever may be joined 
to it. It is a somewhat loose and multifarious term, apphcable 
alike to a matured ovary, to a cluster of such ovaries, at least 
when somewhat coherent, to a ripened ovary with calyx and 
other floral parts adnate to it, and even to a ripened inflores^ 
cence when the parts are consolidated or compacted- Fruits, 
accordingly, are of various degrees of simplicity or complexity, 
and should be first studied in the simpler forms, namely, those 
which have resulted from a single pistil. Such a fruit consists 
of Pericarp with whatever may be contained in it and incorpo- 
rated with it. 


embryo appeared in those seeds which habitually produce them. To this 
Cselebogync offers an exception. The female of this dioecious plant habitr 
ually matures fertile seeds, with a well-formed embryo, in Europe when there 
are no male plants in the country. Strasburger ascortained that the embiyo 
thus formed is adventive, the embryonal yesicle perishing. ParthenogenesiB, 
of which Odlebogyne was the most unequivocal case, is thus confirmed, and 
is shown to occur in most polyembryony ; but it is at the same time explained 
to be a kind of prolification. 

^ See Earlow^ in Proc. Am. Acad. ix.d8; De Baxy, Bot. Zett. xxxvi. 465-487. 
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585. The Pericarp, or Seedr^essel^ is the ripened ovary. It 
should, therefore, accord in structure with the ovary from which 
it is derived. Yet alterations sometimes take place during fruc- 
tification, either by the abortion or obliteration of parts, or hj 
accessory growth- 

536. Intemal Alterations. Thus, the ovary of the Oak con- 
sists of three cells, with a pair of ovules in each ; but the fruit 
has a single cell, filled with a solitary seed, only one ovule being 
matured, while two cells and five ovules are suppressed, the 
remains of which may be detected in the acorn. The ovary 
of the Chestnut has six or seven cells, and a pair of suspended 
ovules in each ; but only one of the dozen or fourteen ovules 
ever develops into a seed, except as a rare monstrosity. The 
three-celled ovary of the Horsechestnut and Buckeye is si mi lar 
in structure (Fig. 608-611), and seldom 
ripens more than one or two seeds ; but the 


608 609 <n0 611 

abortive seeds and cells are obvious in the ripe fruit. The 
ovary of the Birch and of the Elm is two-celled, with a single 
ovule in each cell ; the fruit is one-celled, with a solitary seed ; 
one of the ovules being uniformly abortive, while the other in 
enlarging thrusts the dissepimerit to one side, and obliterates the 
empty cell. Similar suppressions in the fruit of parts actually 
extant in the ovary are not uncommon. 

537. On the other hand, there may be more cells in the fruit 
than there are primarily in the ovary. Thus the fruit of Datura 
is dicarpellary and normally two-celled, with a large placenta 
projecting from the axis far into the cells- But each cell be- 
comes bilocellate^ that is, divided into two, by a false partition 
growing out from the back of each carpel and cohering with the 
middle of the adjacent placenta. So the 5-carpellary and nor- 
mally five-celled ovary of common Flax early becomes spuriously 
ten-celled (morphologically speaking, not 10-locular, but 10- 
loceUate)^ by a false partition extending from the back of each 

FIQ. 608. LongitudlBal section of the oTary of a Buckeye (,9!sculii8 Pavla), showing 
the pairs of ovules m two of the cells. 609 Transverse section of the same displaying aU 
three cells and six ovules 610. Same of half-grown fruit, with single fertile seed, abor- 
tive ovules and obliterating cells. 611. Dddscent one-seeded fruit, dimlniabed in size. 
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cfli^el across its cell (Fig. 539-541) ; and the solitary carpel 
is similar!}’ divided lengthwise in many species of Astragalus, 
as in Fig. 534. Transverse divisions or constrictions across 
a maturing ovary (such as is seen in Fig. 620) are not uncom- 
mon, especially in legumes and other pods, and are of little mor- 
phological significance. 

538. External Accessions may here be referred to. The wing 
of the pericarp in Maple, Ash, and the like (Fig. 625-G27) , are 
familiar instances of this ; and of the same nature are the im- 
bricated scales which cover some Palm-fruits ; the prickles on 
the pod of Datura, Ricinus, &c., and the hooked or barbed 
prickles of many small pericarps (as in various Bon'aginaceae) , 
which thus become burs and are disseminated by adhering to the 
hairy coat of cattle. AU these are of the nature of superficial 
out^owths, and these especially affect the pericarp or parts 
connected with it, 

539. Persistence of Connected Organs. An adnate calyx (331) , 
being consolidated with the ovary, necessarily makes a constit- 
uent part of the fruit, in the pome (575) doubtless a very large 
part. The limb or lobes of such adnate organ may persist, as 
the tips of the sepals on an apple or quince, and may be turned 
to usefiil account, as is the pappus of Composite for dissemina- 
tion. Or, in small pericarps, the style may persist as part of the 
fruit, and subserve the same ends, either by becoming featheiy 
for aerial dissemination, as in Clematis and in one section of 
Geum, or by becoming hooked at the tip for adhesion to fleece, 
&c., as in other species of the latter genus. Or adjacent parts 
which are not actually incorporated with the pericarp may play 
similar parts in the economy, as the hooks on the calyx-tube of 
the dry calyx of Agrimonia, which at maturity is detached with 
the included finiit, the fleshy fructiferous calyx of Gaultheria (Fig, 
651) and of Mulberry (Fig. 654) ; and the pulpy fhictiferous re- 
ceptacle of the strawberry (Fig. 653) : the ultimate utilities in 
both classes of instances being similar, viz., wide dispersion of 
the seed by animals, whether by external carriage, or by being 
devoured and the voided seeds of fleshy fruits thus disseminated. 

540. Transformations In Consistence. In the change from 
ovary to mature pericarp, various kinds of transformations may 
take place. In some the wall of the ovary remains thin and 
becomes in firuit foliaceous or leaf-like, as in a pea-pod, the 
carpels of Columbine, and Marsh Marigold (Caltha), or the pod 
of Colutea or Bladder Senna. In others it thickens and becomes 
at matnrily either dry throughout, as in nuts and capsules ; or 
fleshy or pulpy throughout, as in berries ; or hard-rinded with- 
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out but soft within, as in a pepo ; or fleshy or berry-like without, 
but indurated within, as in all stone-fruits, such as the cherrj^ 
and peach. 

541. When the walls of a pericaip consist of two layers of dis- 
similar texture (as in a peach) the outer layer is called Exocarp, 
the inner Exdocarp, these terms meaning exterior and interior 
parts of a fruit. When the external layer is a comparatively thin 
stratum or film, it is sometimes termed the Epicarp . When it is 
fleshy or pulp3' it is named *S arcocarp. When the endocarp within 
a sarcocarp is hard and honj" or crustaceous, forming a shell or 
stone, this is termed a Putamen. When three concentric layers are 
distinguishable in a pericaip, the middle one is called Mesocarp, 

542. Fruits may be divided into two kinds, in reference to 
their discharging or retaining the contained seeds. They are 
dehiscent when they open regular!}" to this end ; mdehiscent when 
they remain closed. There is a somewhat intermediate condi- 
tion, when they mpture or burst irregularly, as in Datura Metel, 
<&c. Dry pericarps with single seeds are commonly indehiscent ; 
those with several or man}" seeds mostly dehiscent. Seeds pro- 
vided with a wing or coma or an}* analogous help to dispersion 
are always in indehiscent pericarps. Permanently fleshy peri- 
carps are indehiscent, stone-fruits as well as bernes. But in 
some stone-fruits {%. e,^ with indurated endocarp and fleshy 
oxocarp), such as those of Almond (Fig. 640) and Hickory, 
the barely fleshy exocarp or sarcocarp dries or hardens, instead 
of softening, as maturity is approached, and at length separates 
fiom ^e putamen by dehiscence. 

54^ Dehiscence, the opening of a pericaip for the discharge 
of the contained seeds, is <r^gular or irregular; or, better, is 
normal and abnormal. For most of the abnormal or non-typical 
modes are as determinate and uniform in occurrence as the t}pi- 
cal modes. A good English name for dehiscent pericarps in 
general is that of Pop. 

544. Regular or normal dehiscence is that in which a pericarp 
splits vertically, for its whole or a part of its length, on lines 
which answer to sutures or junctions, that is, along lines which 
correspond to the margins or midribs of carpellary leaves, or to 
the lines and surfaces (or commissures) of coalescence of con- 
tiguous carpels. The pieces into which a pericarp is thus sun- 
dered are termed Valves. 

545. The normal dehiscence of a carpel is by its inner, ven- 
tral, or ovuliferous suture, that is, by the disjunction of the 
leaf-margins, as in Fig. 618. Its only other line of normal 
dehiscence is b}* the opposite or dorsal suture, that is, down 
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the midrib. Legumes usuall}’ dehisce by both sutures (as in 
Fig. 619), therefore into two valves. 

546. A dehiscent pericarp formed of two or moi-e carpels is 
called a Capsule. The two leading terms descriptive of capsular 
dehiscence were based upon the modes of opening of pericarps 
havmg as man 3 " cells as caipels : they are the septicidal^ that is, 
as the term denotes, cutting through the septa or dissepiments ; 
and the loculicidal^ that is, cutting into the bculi or cells. 

547. Septicidal^ the dehiscence through the dissepiments, is 
the disjunction of a pericarp into its constituent carpels, these 
then usually themselves dehiscing down their ventral suture, 

as in Fig. 612, illustrated by 
the diagram. Fig. 613. Good 
examples are furnished by the 
Hypericum Famil}' (the pistil 
illustrated in Fig. 536, 537), 
where the placentae which 
compose the axis are carried 
'away on the edges of the par- 
titions or introflexed valves ; 
also by Rhododendron, Kal- 
mia, and the like, in which 
the placentae remain combined 
into a column in the axis (the 
Columella or column), from 
which the edges of the valves 
break away. 

548. The septicidal dis- 
junction of the carpels does 
not of itself open the cells. 

Such separated cari>els when 
one-seeded not rarely remain 
closed, as in Mallow, Ver- 
bena, &c. Or when dehiscent they may open both by the ventral 
and dorsal sutures ; t. e., the pericarp may first divide into its 
constituent carpels, and then each carpel break up into half 
carpels, as in Euphorbia. 

549. Loculicidal^ the dehiscence into the loculaments^ loculi^ 
or cells of the pericarp (shown in Fig. 614, and the diagram, 
615) , is that in which each component carpel splits down its 


EIG. 612. SeptSmdaaiy' dehiscent tirioarp6llary<)ap&al« of ElodesVirglDloa. 613. Dla- 
gmn of septiddal dehiscence 

FIG. 614 Iiooulicidnlly dehiscent txioarpellary cepBole of an Iris, divided trana- 
▼ersdy at the middle. 615 . Diagram of loonUddUa dehiscence. 
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dorsal suture, as in Iris, Hibiscus, CEnothera, &c. In this, the 
dissepiments remain intact. If they break away from the centre 
then they are borne on the middle of the valves, as in the figures 
above cited. If they remain coherent in the axis but break away 
from the valves, the result is one form of what is called — 

560. Septifragal dehiscence, L e., a breaking away of the 
valves from the septa or partitions, as shown in Fig. 616. This 
represents the loculicidal form of the septifi^agal mode, which is 
less common than that of the accompanying diagram. Fig. 617. 

Here the paiiitions alternate 
with the valves ; that is, the 
dehiscence of the pericarp is 
of the septicidal order, as 
near as may be, but the par- 
titions do not split, wherefore 
the valves break away at the 
616 common junction. To this 

the term maTginicidcA has been applied. It occurs in the 2-3- 
carpellary capsule of Ipomsea (especially in the common Morning 
Glory) , in the 5-carpellaiy capsule of the North American species 
of Bergia ; likewise in the 2-carpellary pod of Cruciferje (Fig. 
623) , with a diflterence that the placentae from which the valves 
break away are here parietal and the partition is abnormal. 

551. The terms septicidal and loculicidal apply equally in plan, 
though not with etymological correctness, to one-ceUed capsules 
with either parietal (495) or free central (599) placentae. When 
the dehiscence is of the septicidal type and the placentation pari- 
etal, the (half) placentae are home on the margin of the valves, 
as in the Gentian family and the species of H}q)ericum with one- 
cdled capsule. When the placentae arc borne on the middle 
of the valves, as in Violets, the dehiscence is of the loculicidal 
lype. In the case of free central placentae with no trace of 
partitions, the character of the dehiscence may usually be deter- 
mined by the position of the styles or stigmas relative to the 
valves. 

552. Dehiscence may be quite normal although verj^ partial, 
as when confined to the apex of the capsule of Cerastium and 
of Primula, and even to the pores under the radiate stigmas 
of Poppy. 

553. Irregvlar or ahnormod dehiscence is such as has no respect 
to the normal sutures ; as where the dehiscence is transverse ; 



no-. 616 Biasrraxn of loculloldftlly septifrag^ dehiscence. 617. Same of Bepticldelly 
or rather marglnicidally eeptifhigal dehiscence. 
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either extending part way round, as in the pod of Jeffersonia, 
or completely round, so that the upper part falls off like an 
unhinged lid. This circumscissile dehiscence occurs in many 
plants of widely different orders ; such, for example, as Purslane 
(Fig. 621), genuine Amaranths, Plantain, Pimpernel, and Hen- 
bane. In other cases, as in Antirrhinum (Snap-dragon) and 
its allies, the cells burst by irregular laceration at a definite 
point, and discharge the seeds through the ragged perforation ; 
or one or more neat valvular orifices are foimed on some pai-ts 
of the wall, as in Campanula. 


Section II. The Kinds of Fruit. 

554. Fruits have been minutely classified and named but 
the terms in ordinary use are not very numerous. A rigorously 
exact and particular classification, discriminating between the 
fruits derived from simple and from compound pistils, or between 
those with and without an adnate calyx, is too recondite and 
technical, and sometimes too hypothetical, for practical pm- 
poses. It is neither convenient nor philosophical to give a 
substantive name to every modification of the same organ. For 
all ordinary purposes, both of morphological and systematic 
botany, it wiU sufilce to characterise the principal kinds under 
the four classes of — 

Simple fiTiits, those which result from the ripening of a single 
pistil ; 

Aggregate^ those of a cluster of carpels of one flower crowded 
into a mass ; 

Accessory or Arvthocarpus^ where the principal mass consists 
of the surroundings or support of either a simple or an aggregate 
fruit; 

Multiple or OoUecHve^ formed by the union or compact aggre- 
gation of the pistils of several flowers, or of more than one. 

555. Simple Fruits may be distinguished, upon differences of 
texture, into Dry Fruits^ Stons Fruits^ and Baccaie Fruits ; or, 
better, into Dry and Fleshy ; and the first may be divided into 


1 The greater part of the forty-three substantive names of Desvaux's^ 
and even of the thirty-six of Dumortier's and of Lindley’s elaborate classi- 
fications of fruits have never found employment in systematic botany, and 
doubtless never will be used. Yet a detailed carpological classification has 
its uses for the student. Among the more recent attempts are the suecesttve 
ones of Dickson, McNab, and Masters. See Nature, iv. $47 (also m Trimetfs 
Jour. Bot. 1871, 310), iv. 476, and v. 6. 
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dehiscent and indehiscent kinds.^ Theoretically, each kind may 
be divided into those of a simple and those of a compound pistil, 
and some would make the primaiy division on this character. 
Some also would separate fruits with adnate or superior calyx 
from those free of all such combination. But in practice these 
differences can seldom be indicated by substantative names. 
The name of berry is equally" applicable to the fruit resulting 
from the single carpel of Actsea, the syncarpous ovary of the 
grape, and the similar ovary with adnate calyx of a gooseberry 
and cranberry. It should be understood that the kinds shade 
off one into another most freely. 

556. Dehiscent Emits (543), or Pocfe, are distinguishable into 
apocarpovs^ or of single carpels, and syncarpous^ of more than 
one carpel, i. e. the first of a simple, the second of a compound 
pistil. The first kind is mainly represented by the Follicle and 
the Legume ; the second, by the Capsule and its modifications. 

557. A Follicle is a pod formed 
of a simple pistil, and dehiscent by 
one suture (this almost always 
the ventral or inner suture) alone ; 
as in the Larkspur, Columbine, 

Peony, and Marsh-Mailgold (Fig. 

618) ; also in Milkweed and Dog* 
baue. There may be several follicles or only 
one to a flower, even in the same genus, as in 
Larkspurs, Cimicifuga, &c. In Magnolia 
(Fig. 648-650), fleshy carpels become follicles 
dehiscent by the dorsal suture. 

558. A Legume is the pod formed of a 
simple pistil which is dehiscent by both sut- 
ures (as in the Pea, Pig. 619), so dividing 
into two pieces or valves. (544.) This is the 
fruit of the Pulse Family, accordingly named 
Leguminosae (Leguminous plants): indeed, 
the name of legume is restricted to the fruits of this family, 
and in descriptive botany is extended to aU the modifications 


^ ^ Dr. Masters's modification of Dickson's and McNaVs classification of 
simple fruits, as to primary kinds, is into 

1. iVirfs, or Achmrocarps, dry and indehiscent; 

2. Pods, or PegTnacarps, dry, dehiscent ; 

3. Stonefiuits, or Pyrenoccarps, fleshy without, indurated within, indebiscent ; 

4. Berries^ or Sarcoccarps, fleiiiy tlioughout, indehiscent. 

STG. 618. A d^tecent follicle of Marsh-Maarigold* OaJtha paluBtrls 

JTO. 619. Legume of a Sweet Pea, already debiscent 620. Loxnentof aDesmodlom. 
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which that order presents. Some of these, in fact, are in- 
dehiscent and reduced to akenes ; some break up at maturity 
into one-seeded indehiscent articulations or joints, which are 
dispersed as if they were so many seeds. A legume of the latter 
kind takes tlie special name of Loment, Lat. Lommtum, (Fig. 
620.) In Mimosa (Sensitive-plant, &c.), such articulations de- 
hisce into two valves. They also fall away from the sutures, 
or from a persistent mai^nai border of them, or in some eases 
the valves thus fall away entire. The persistent frame which 
remains has been called a Replum, an architectural word, here 
taken in the sense of door-case. 

559. A Capsule is the pod, or dehiscent fruit, of any compound 

pistil. When regularly and com- 
pletely dehiscent, as already stated 
(544), the pod splits lengthwise into 
pieces or valves. The modes of regular 
dehiscence are illus- 
trated in Fig. 612- 
617. Two modifies- 'm 

tions of the capsule 
have received distinc- 
tive names which are 
in common use, viz. yJw 
the JP^xis and the m 
Siligue, 

560. A Pyxis or Pyxidium is a dry fruit which opens by a 
circular line, cutting off the upper part as a lid ; u e,, the dehiscence 
is circumscissile. (553, Fig. 621.) In the Purslane, 

Pimpernel, Henbane, and Plantain, the pyxis is 
a capsule; in Amaranths (Pig. 637) it is a 
utricle ; in Jeffersonia (Fig. 622) it is a modi- 
fication of the follicle, being of one carpel which 
dehisces transversely, and not all round, so that 
the lid remains attached. 

561. A Silique is a narrow two-valved capsule, with two pari- 
etal placentae, from which the valves separate in dehiscence ; as 
in plants of the Cruciferous or Mustard family (Fig. 623), 
to the fruit of which this term is restricted. Usually, a fal^ 
partition is stretched across between the two placentae, render- 

7IG. 621, Pirxls of Purglane, Portolaoa oleracea, the top eeparating entir^y and 
ISailinff away. ^ 

PIG. 622. Pyxis-llke folUeuIar fruit of Jeflhxaoula dlphylla; the lid remaluing 
attached doTsally 

PIG. 623. Silique of Oardamine, In ddhleoence. 624. SlUcle of Oapsella or Shephetd’a* 
Pniae, lateral' view, and an oblique view of the Mine with one valve removed. 
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ing the pod two-celled in an anomalous manner. A Sihcle 
{Silieula^ diminutive of 'siligua) is merely a short silique, the 
length of which does not more than twice or thrice surpass the 
breadth ; such as that of Shepherd’s-Purse (Fig. 624) , and of 
Lunaria, Candytuft, &c. 

562. IndeMscent Dry Fmits are almost always one-seeded or 
very few-seeded. K numerous, the seeds thus placed would not 



be dispersed. The ordinary kinds are strictly one- 
seeded, and in common language are often con- 
founded with seeds. The ways in which such fruits 
are dispersed are various. In the following case, 
the adaptation of the pericarp to dispersion by wind 
distinguishes the species of fruit. 

563. The Samara, sometimes called in English a 
Aey, is an indehiscent one-seeded fruit provided 
with a wing. In the White Ash 
the wing is terminal (Fig. 625) ; 
in other species the whole fruit 
is wing-margined ; in Birch and 
Elm (Fig. 626) the wing sur- 
rounds the body of the pericarp ; 
and the Maple fruit is a double 
samara or pair of such fruits, con- 
spicuously winged from the apex. 



564, Ikene (Lat. Achenium) is a general name for all the 


one-seeded, dry and hard, indehiscent and secd-like small fruits, 


such as are popularly taken for naked 
seeds. But that they are true pistils, 
or ovaries ripened, is evident from the 
style or stigma they bear, or from the 
scar left by its fall; and a section 
brings to view the seed within, provi- 
ded with its own proper integuments. 
The name has been restricted to the seed-like fruits of simple 
pistils, such as those of the Buttercup (Fig. 628, 629) , Anemone, 
Clematis, and G^um. The style in some species of the latter 



remains on the fruit as a long and featheiy tail, in others as a 
short and hooked one, both being agents of dissemination. The 
grains of the strawberry (Fig. 653) are also akenes. The name 
is extended to all one-celled seed-like fruits resulting from a 


TIG. 625. Samara or key of White Aj^, Fraxinxui Americana 626 That of White 
Elm Ulmns AmerlcftTia 627. Double samara ofBed Maple, Acer ruhrum. 

FIG 628 Achemom of a common Bntteieop. 629. Vertioal seotton, lOiowliiip the 
seed within. 
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compound ovary, and even when invested with an adnate calyx- 
tube. Of the latter is the fruit of Compositse. (Fig. 630-635.) 
Here the tube of the calyx is incorpo- 
rated with the surface of the ovary; 
and its limb or border, obsolete in some 
cases (Fig. 630), in others appears 
as a crown or cup (Fig. 631), or set of 
teeth or of scales (Fig. G32, 633), or as 
a tuft of bristles or hairs (Big. 634, 




635), &c., called the Pappus. In the Lettuce and Dandelion 
(Fig. 635), the achenium is rostrate^ or beaked, e. its summit 
is extended into a slender beak. An akene with adnate ealyx 
has been termed a Cypsela. 

565. The Utricle is the same as the akene, only with a thin 
and bladdery loose pericarp, like that of Goosefoot. 

(Fig. 636.) This thin coat sometimes bursts irregu- 
larly, discharging the seed. In the true Amaranths, 
the utricle opens by a circular line, and the upper 
part falls as a lid, conveiting the fruit into a small 
pyorts (560), — a transition form. (Fig. 637.) 

566. A Caryopsis or Grain differs from the utricle 
or akene in having the seed completely filling the 
cell, and its thin coat firmly consolidated throughout 
with the very thin pericarp; as in wheat, Indian 
coni, and all other cereal grains. Of all fruits this 
is the kind most likely to be mistaken for a seed. 

567. A Nut is a hard, one-celled and one-seeded, indehiscent 
fruit, like an achenium, but larger, and usually produced from 
an ovary of two or more cells with one or more ovules in each, 
all but a single ovule and coll having disappeared during its 
growth (536) ; as in the Hazel, Beech, Oak (Fig. 638), Chest- 



FIG 630 Achenium of Mayweed (uo pappus). 631 That of Olohory (its pappus a 
ahallnwcup). 632, Of Sunflower ^pappus of two deciduous scales). 638 OfSneezewoed 
(Heleninm), with its pappus of five scales 684. Of Sow-Thistle, with its pappus of 
dellonte downy hairs. 685. Of the Dand^ion, tapering helow the pappus into a 
Song l>ea1c. 

mo. 686 Utricle of Ohennpodiuxn album, or common Goosefoot. 637. Utricle of an 
Amaranth, by transverse dehiscence heoomlng a pyxis. 
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nut, and the like. The nut is often enclosed or surrounded by 
a kind of involucre, termed a Cupule; such as the cup at 
the base of the acorn, the bur of the chestnut, and the leaf- 
JL like covering of the hazel-nut. The name Gians 
(sometimes Gland in English) is technically applied 
/ |I|A to such nuts, this being their classical Latin name. 
il iH Walnuts and Hickory is 

apparently a kind of drupaceous nut, or something 
intermediate between a stone &uit and a nut. But 
certain monstrosities give reason for supposing that 
the seeming exocarp (541), which in Hickory 
hardens and at maturity dehisces in four valves, 
is of the nature of an adnate involucre. The cocoanut is a sort 
of fibro-drupaceous nut. 

569. Nutlet^ or in Latin form Ntjoulb is sometimes 

superfluously employed in a literal sense, as a diminutive nut.^ 
Of late it has acquired a good and fairly legitimate use as the 
name of the seed-like, or rather akene-hke, closed parts or lobes, 
of crustaceou’s or other hard texture, into which certain bilocular 
or plmHocular pericarps separate at maturity, i. e. for the seg- 
ments of a schizocarp, 571, which resemble akenes.® These are 
sometimes carpels, sometimes half-carpels, as in Verbena, also 
in Borragiaacem and Labiatse (in which the segments are greatly 
separated in the ovary), and sometimes, as in Nolana, they are 
portions of compounded carpels which have been exceedingly 
multiplied by chorisis. 


570. There are complete transitions between dry nutlets, with 
a thin and herbaceous epicarp, and the pyrenes (574) or stony 
inner portion of such carpels when drupaceous or composing a 
drupe of two or more stones. It is therefore a hardly incongru- 
ous and very convenient use which extends the term nutlet to 
include these small seed-like stones also, as, for example, to 
those of Holly, Bearberry, Hawthorn, and the like. 

571. The pair of achenium-Uke or often samara-like carpels, 


1 Nut and akene, between which there is no fixed distinction, will cover 
this ground. The fruit of Cyperace®, for instance, is truly an achenium, 
if this name is ever to be used (and it now commonly is) for any other than 
a monocarpellary fruit. It is often termed a nut, sometimes a nutlet, and 
by a late writer, Boeckler, a caiyopsis. 

2 Cocoi (sing. Coeem, from a Greek word for kernel) is another name for 
fruifr<»rpels* or separating lobes of a dry pericarp, as well for dehiscent ones 
(of Euphorbia) as for indehiscent Hence such lobed or partible fruits 
are said to be dicocc<m, tncoccous, &c., according to the number of lobes or 
caipels. 

EIG. 638. Aoom (nut) of 'White Oak, with its enp, or onpnle. 
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miited by their inner face but separating entire at maturity, 
which constitute the fruit of Umbelliferse, takes the name of 
Cremocakp (Lat. Oremocarpium) ; and the halves are called 
Mericarps. These names it may sometimes be convenient to 
use ; yet it is not advisable to have special names for the fruits 
of pa^cular families; and meriearp is here synonymous vith 
carpel For dry fruits in general (or such as become dry) 
which are composed of two or more carpels, and which at matu- 
rity split up or otherwise separate into two or more closed one- 
seeded portions, an appropriate recent name is that of Sciiizocart. 
The component carpels of such a fruit were long ago named Car- 
cerules {carceruli^ little prisons) b}" MirbeL 

572. Fleshy Fruits, which from their texture are naturally 
indehiscent, may be either fleshy throughout, or with a firm rind 
or shell, or fleshy externally and hard or stony internally. Of 
the latter, the type is 

573. The Drupe or Stone Fruit proper (Fig. 639), that of the 
cherry, plum, and peach. True drupes are of a single carpel, 
one-celled and one-seeded 
(or at most two-seeded) , in 
the ripening of which the 
outer portion of the pericarp 
becomes fleshy or pulpy, and 
the inner stony or crustace- 
ous, i. €, divides into sarco- 
carp and pvtamm. (541.) 

But the name is extended to 
pericarps of similar texture resulting from a compound pistil, 
either of a single cell, as in Celtis, and (by abortion) in the olive, 
or of two or several cells, as in Comus, Rhamnus, &c. The several 
pericarps of the aggregate blackberry and raspberry are dhninu- 
tive drupes or Drupelets. 

574. Small drupes are often confounded with berries, and the 
stone or stones taken for seeds. Especially is it so in drupes 
or drupaceous firuits of more than one cell, ripening into separate 
or separable hard endocarps or stones, each filled by a seed.^ 
Bearberries (Arctostaphylos) and Huckleberries (Gaylussacia) 
are good illustrations of this. The seed-like endocarps of this 

1 The term AcinuSf the original name of guch a berry as a grape, has been 
used in descriptive botany for a small drupe or drupelet, and tbe ripened 
carpels of Kubns have been termed octhi or actn68,but without discriminating 
them from berries. 

PIQ. 689. YerUoal necHon of a peaoh. 640, An almond ; In which the exooarp, tlm 
portion of tbe pericarp that represents tbe pnlp of tbe peach, remains Jaieelesa, muX at 
length separate by dehiscence firom tbe endoo^, or sheU. 
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sort are Ptken-®; and the fruits are dipyrmous^ tripyrenous^ 
tetrapyrenous^ &c., according as they contain two, three, or four 
pyrenae. When the sarcocarp is thin and dries up at maturity, 
these p^Tenae pass by gradations into nuculse (569) or nutlets: 
hence p^Tenae are not uncommonly in English descriptions called 
nutlets or nucules. 

575. The Pome (Fig. 641, 642) is the name of the apple, pear, 
and quince. These are fleshy fniits, composed of two to 


several carpels (rarel}" by abortion only one) , of 
parchment-like or (in Hawthorns) bony texture, 
enclosed in flesh which morphologically belongs 
to adnate calj^s: and receptacle; as may be ap- 
prehended b}’ comparing a rose-hip (Fig. 407, in 
flower) with an apple or a pear. Of the quince, the 
whole flesh is calyx or hypanthium (395) ; in the 
apple and pear, the inner or core-portion of the 
flesh is of the nature of disk, investing the carpels. 
In the fhiit of Hawthorns, the carpels become bony 
pyrense (574), and so the fruit is drupaceous^ is 
indeed nothing more than a syncarpous drupe. 
In Eriobotiya, or Cumquat, the carpels becoming 
very thin and membranaceous, the pomaceous 
Ihiit is in fact a kind of berry. 



576. The Pepo, or Gourd-fruit (Fig. 643), of which the gourd 
and squash are the type, and the melon and cucumber equally 

familiar illustrations, is the char- 
acteristic fruit of Cucurbitacese, 
fleshy internally and with a hard 
or Arm rind, ' 11 or part of which 
is referable x) the adnate calyx 
completely incorporate with the 
ovary. This is either one-celled 
with three broad and revolute 
parietal placentse, or these pla- 
cent®, borne on thin dissepiments, 
meet in the axis, enlarge, and 
spread, unite with their fellows 
on each side, and are reflected to 
the walls of the pericarp, next which they bear their ovules. As 
the fhiit enlarges, the seed-bearing placentae usually cohere 
with the walls, and the partitions are obliterated, giving the 



FIG. 641. Pome or apple in transverse section. 6^ Quince in vertical section: the 
inner flesh anawerins: to disk in the apple and pear la here wanting 

FIG 643 Section of the ovary of the Gonrd. 644. Diagram of one of its constituent 
carpels. 
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appearance of a peculiar abnormal placentation, which the study 
of the ovary readily explains. In the wateimelon the edible 
pulp all belongs to the greatly developed placentae. Fruits of 
this family in which the rind also is soft at maturity are true 
berries. 

577. The Hesperidiuin (orange, lemon, and lime) is the fleshy 
fruit of a free many-celled ovaiy^ with a leathery lind, and is a 
mere variety of the beny. The name is 
applied only to fruits of the Orange tribe. 

578. The Berry (Lat. Bacca) comprises 
all simple fruits in which the pericarp is 
fleshy throughout. The grape, gooseberry, 
cmrant, cranberry (Fig. 645), banana, and 
tomato are familiar examples. The first 
and last consist of an ovar^' free fr*om the 
calyx ; in the others, calyx and ovary are 
combined by adnation. 

579. Aggregate Fruits arc those in which 
a cluster of carpels, all belonging to one 
flower, are crowded on the receptacle into 
one mass, as in the raspbeny and black- 
berry taken as a whole. (Fig. 646.) They 
may be aggregates of any kind of simple 
fruits. But when dry and not coherent, the mass would simply 



and properly be described as a head or spike of carpels, more 


commonly of akenes, as in Ranunculus, Ane- 
mone, &c. Yet when numerous carpels thus 
compacted become fleshy, and sometimes more 
or less coherent, the aggregate may need to be 
taken into account. The best name for it is 


that of Synoarpium, or in English 
form Stncabp. But the term has 
been applied to multiple fruits as 
well.^ In Hydrastis, the numerous 
carpels imbricated on the upper 
part of the toms are Saccate, that 
is, become berries ; in a raspberry, 




the seemingly baccate grains are drupaceous (being drupelets, 573), 


^ The sjpncarp which is a gyncocium might be designated a simpfe syn- 
carpium ; that which is an infioresconce, a complex syncarpium, which may be 
bidorcus, paucifioTous, or multiflorous. 

VIO. 640. The larger Oraabeny, VaochUiim (Oxyoooons) macroearpou; the beny 
transversely divided. 

FIG. 646 yoi^i(^lse(diionofhaIfofablackberx 7 (ofnulni 8 villo 6 tiB),eailafrged;aad, 
647, of one of its drupelets more magnifled. 
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and, slightly cohering together (though without organic union) ^ 
they fall as one body from the conical dry torus at matm%. It 
is the same in blackberries or bramble-berries (Fig. 646, 647), 
except that the drupelets persist on the torus, which partakes of 
the juiciness.^ In the aggregate fruit of Magnolia (Fig. 648—650), 
such carpels, imbricated over one another, cohere more or less 

at all contiguous pai*ts, and 
become drupaceous ; never- 
theless, at maturity each 
opens dorsally, allowing the 
seeds to fall out : in age it 
dries and hardens, and also 
separates from its connec- 
tions, and so be- 
comes a follicle, but 
with the remark- 
able peculiarity of 
dorsal instead of 
ventral dehiscence* 
(Fig. 650.) In Li- 
riodendron, a tree 
of the same family, 
such carpels ai*e 
dry and indehiscent throughout ; and they largely consist of long 
and flat styles, imbricated in a cone, but separating from each 
other and from the slender torus at maturity , when each becomes 



a samar^. 

^ 580. Accessory or Anthocarpous Fmlts are those of which some 
conspicuous portion of the fructification neither belongs to the 
pistil nor is organically united with it, except by a common 
insertion. The part thus imitating a fruit, while it is really no 
part of the pericarp, is sometimes called a Pseudocarp^ or an 
ArUhocarp or Anthocarpium, This condition may occur either 
in simple, in aggregate, or in multiple fiuits. 


1 The aggregate fruit like that of Rubus (named by some Cmocarpium, 
by others an ^teno, Erydwostimum, &c.) was termed by Humortier a Drvpe- 
tam. A similar aggregation of baccate carpels he termed a Baccetnan ; of 
follicles, a FciUcetum, &c- All such names may look well in a system ; but 
they are both superfluous and unmanageable in phytography. 

TIG. 648. Atsgr^te fruit of TTmhrdla-tree, Magnolia Umbrella, reduced In size; a 
seed from a lower <1oliisGent carpel hangs on a thre^, consisting of a tuft of eactexuAe 
spiral ducts unravelled 649 Same in longitudinal section. 650. One of the carpels 
detailed, at fUU maturity, dried up, dorsally deibiaoent, exposing the pair of seeds of 
the natiu^ size. 
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581. Gaultheria procsumbens, the aromatic Wintergreen (Fig. 
651, 652), alfords a good example of the first. Its seeming 
beny (the checkerberry) , with summit crowned by the tips of 
the calyx-lobes, well imitates the true 
beny of a Vaccimum, such as that 'of 
Fig. 645. But it comes from a flower 
with thin calyx, underneath and free 
from the ovary. Its fruit is really 
a capsule : m the process of fructi- 
fication, the caly’x enlarges, becomes 
succulent, completely encloses the capsule or true fruit, yet 
without adhering to it, and in ripening counterfeits a red 
berry. So in Shepherdia, or Buffalo BeiTy, the seeming sax^co- 
carp of a dmpe is really a free calyx, accrescent and succulent, 
enclosing an akene. So, also, the apparent achenium or mit of 
Mirabilis, or Four-o’clock, and of its allies, 
is the thickened and indurated base of the 
tube of a free caly^x, which contracts at the 
apex and encloses the true pericarp (a utricle 
or thin akene) , but does not cohere with it. 

582. Lil?:ewise the torus, although not con- 
spicuous, may be said to be an accessory part 
of the aggregate fruit of the Blackberry or 
Bramble (579) : it becomes the solely con- 
spicuous and the sole edible part of a straw- 
beny (389, Fig, 406, 658), the akcnes or 
true fruits dispersed over the suifface being 
apparently’' insignificant. Equally’’ in many 
multiple fruits the conspicuous flesh belongs to receptacle (cither 
torus or rhachis) , to calyx, or even in part to bracts, or to aU 
these parts combined, as in a pine-apple. 

583. Multiple or Collective Fruits ^ are those which result from 
/ the aggregation of several flowers into one mass. The simplest 

of these are those of the Partndge-Beriy (Mitchella,Fig.4:67), 




^ Collective is the preferable name The term multiple was applied by 
DcCandoUe to what are here (following Lindley) called anrjrepate fruits ; 
aiiid the aggregate fruits of DeCandolle are here called multiple or collective. 
Moreover, the distinction between accessory or anthocarpous and collective 
or multiple fruits was not recognized by Lindley, who combined the two 
in his original “Introduction to Botany” In this work four classes are 
given: 1. Fruit simple, Apooabpi; 2. Fruit aggregate, Ackibbgati; 

FIG. 651, Forming capsule of Gaultheria prooumhens, with enlarging calyx partly 
covering it. 652. Same, more advanced, and in longitudinal sed'lon. 

FIG. 653. Vertical section of half a strawberry. Compare with Fig. 406. 
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and of certain species of Honeysuckle, formed of the ovaries 
of two blossoms united into one fleshy finiit. The more usual 
sorts are such as the pine-apple, mulberry, and the flg. These 
are, in fact, dense forms of inflorescence, with the fruits or floral 
envelopes matted together or coherent with each other ; and all 
or some of the parts succulent. The grains of the mulberry 
(Fig. 654-656) are not the ovaries of a singie flower, like those 

bS8 667 65i 



of the blackberry, which it superficially resembles ; they belong 
to as many separate flowers ; and the pulp pertains to the calyx, 
not to the pericarp, which is an akene. So that this, like most 
multiple fruits, is anthocarpous as well as multiple. Similarly, 
the mostly indefinite fructiferous masses of Strawberry Elite may 
resemble strawberries ; but the pulpy part is the calyx of many 
flowers, not the succulent receptacle of one. In the pine-apple, 
the flowers are spicate or capitate on a simple axis, which grows 
on beyond them into leafy stem ; this when rooted as a cutting 


3 Fruit compound (ovaria compound), Synoakw; 4. Collective fruits, 
Anihocaiyn. 

Later, in his "Elements of Botany/' Lindley reduced the classes to 
two: 1. Simple Fruits, those proceeding from a single flower; 2. Mvliiple 
fruits, those formed out of several flowers. 

FIG- 654. Amnlberry young. 655. One the fleshy grains at flowering time, show- 
ing It to be a pistlltato blossom with fleshy cidyx. 656. The same later, with the succu- 
lent sepals in transverse section 

no 657 Ayonngflg 668 Longltucllnalsectlonof the same later, but in flowering 
tlxne. 659 A small slice, magxufled. Showing some of the flowers. 
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bears another pine-apple, and so on ; the constituent flowers have 
through immemorial propagation in this way become sterile and 
seedless, and all its paits, along with the bracts and the axis of 
the stem, blend in ripening into one fleshy and juicy mass. Few 
fruits of this class have ever been technically named, at least 
with names which have come into use. But the two following 
deserve special appellations, although only the latter is familiar 
I either in ordinary language or in descriptive botany. 

584. The Syconiom or Hypanthodium, the Fig fruit. (Fig, 657- 
659.) This results from a multitude of flowers concealed in a 
hollow flower-stalk, if it may be so called, which becomes pulpy 
and edible when ripe ; and thus the fruit seems to grow directly 
from the axil of a leaf, without being preceded by a blossom. 
The minute flowers within, or some of them, ripen their ovaries 
into veiy small akenes, which are commonly taken for seeds. 
The fig is to the mulberry what a rose-hip is to a strawberry. 
(389, Fig. 406, 407.) It is fhrther explained by a comparison 
with a near relative of the Fig-tree, Dorsteuia, in which similar 
flowers cover the upper surface of a flat peltate disk. This disk 
or plate sometimes becomes saucer-shaped by an elevation or 
incurvation of the margin. A greater degree of this would 
render it cup-shaped, or even pitcher-shaped ; from which it is 
a short step to the contraction of the mouth down to the smaiU 
orifice which is found in the fig, 

585. The Strobile or Cone (Fig. 660) is a scaly multiple fruit, 
resulting jfrom the ripening of certain sorts of catkin. The name 
is applied to the fruit of the Hop, where 
the large and thin scales are bracts ; 
but it more especially belongs to the 
Pine or Fir cone, the peculiar fruit of 
Coniferse (507), in which naked seeds 
are borne on the upper face of each 
flructiferous scale (Fig. 661), or some- 
times in their axils. 

Such a cone when 
spherical, and of 
thickened scales 
with narrow base, as 
that of Cypresses, 
has been termed a 

Galbulus, an unnecessary name. The galbulus of Juniper is a 




FIO 660. strobile or Cone of a Pitch Pine, Pinns rlglda. 601. InMde view of one 
of the eoalee, showing one of the winged seeds, and the from which the other, 662. 
has been detached. 
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remarkable transformation into a seeming berry ; the few scales 
cohering with each other as they grow and becoming fleshy at 
maturity, completely enclosing a few bonj^-coated seeds. 

586. A Synopsis of the kinds of Fruit, as chai'acterized in 
this chapter, is appended. The analysis extends only to simple 
firaits. For there are no commonly used special names of 
kinds of Aggregate (579), Accessory (580), or Multiple (583) 
fruits, except that of Strobile. 

SIMPLE FRUITS are 


I>ry and dehiscent, monocarpellary, 

Opening by one (chiefly the ventral) suture, Follicle. 

Opening by both sutures, Legume. 

Or transversely jointed, Loment. 

Dry and dehiscent, bi-pluri-carpellary, Capsule. 

When its dehiscence is circumscissile, Pyxis. 

When dehiscent by two valves fiom two parietal placentae, . . Silique, 

A short and broad sihque, Silicle. 

Dry and bi-pluri-carpellaiy, splitting into one-seeded carpels, . Schizocaep. 

The dimerous schizocarp of XJmbelliferse, Crbmooaep. 

Each of its halves or carpels, Hbmicahp or Meeioaep. 

The akene-like or nut-hke parts into which Schizocarps generally 


Dry and indehiscent, one-celled, one~tw(Heeded, 

Winged, Samaea. 

Wingless, and with the 

Thin pericarp consolidated with the seed, Caeto3psis 

Thin pericarp loose and not filled by the seed, Uteiclb. 

Thick or hard pericarp free from the seed. 

Small, from a one-ceUed one-two-ovuled ovaiy, Akene op Achenium. 
Larger, mostly from a two-several-ceUed and ovuled ovary, . Nut. 

Nut borne in a cupule or involucre, Glaks. 

Fleshy and indehiscent, 

Heterogeneous in texture, having 


A stone (putamen) or nutlets within an exterior sarcocarp, . Dkupe. 
Papery or cartilagmous carpels in an inferior sarcocarp, . . . Pome, 
A harder or firm rind or exterior, and soft interior. 

From an inferior ovary (confined to Gourd Family), . . . Pbpo. 
From a superior ovary (confined to Orange Family), Hespeeieium. 
Homogeneous, fleshy throughout, Beeet. 
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THE SEED. 


The Seed is the fertilized ovnle (515), with embrya 
formed within it. It consists, like the ovule, of a nucleus or* 
kernel, enclosed by integumentsl The seed-coats are those of ^ 
the ovule, viz. two, or sometimes only one, in certain plants^ 
none. Occasionally an accessory coat appears after fertiliza- 
tion; and ceitain * appendages may be produced, as outgi'owths 
from some part of its surface or from its base. The nucleus of 
kernel is composed either of the embryo alone, or of a nutritive J 
deposit in addition. (19-41.) AU the parts of a seed are m-M 
dicated in Fig. 663. H 

588. The Seed-stalk or Podospbrm, when there is one, isIS 
the funiculus of the ovule (516), and retains this name. 

also do the Chalaza, Rhaphe, and HiLcm ; the latter being thA 
scar left by the separation of the seed from ^ » | 

its funiculus or directly from the placenta. 1 

The fcyrwmm of the ovule, now closed, is 
the Mioroptle of the seed. ^ 

589. The terms which denote the char- 

acter of the ovule, such as orthotropous^ ^ 
campylotrcpous^ amphitropom^ and anairopous^ fl-pply equally to ’ 
the resulting seed. ; 

590. Seed-Coats. The integuments of the seed answer to the 
primine and secundine of the ovule. The main seed-coat is the, i 
exterior integument of the ovule when there is more than one.* 
Being the most firm coat, and not rarely crustaceous in texture, 
it takes the name of Testa, which is equivalent to seed-shell. | 
It has also been named Spermoderm (seed-skin), and sometimes ! 
JSpisperm, The latter name (meaning upon the seed) is bestS 
applied to the pellicle or outer layer, sometimes a thick one,C 
which the testa of certain seeds forms. The testa is extremely P 
various in form and texture, is either close and oonfonned toC 


pig. 668 Vertical mas:nifled section of the (anatropous) seed of the 
den; with the parts Indicated, viz the hilnm <a); testa (&); te^en (al 
emhryo (e). 664 Vertical section of the orthotroponu se^ of Helin 
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the nucleus, or loose and cellular (as in Pyrola-seeds) , or vari- 
ously appendaged. 

591. The inner coat, called Teomen and sometimes Endo- 
PLEURA, when present is alwaj^s conformed to the nucleus, and 
is thin or soft and delicate. Sometimes it is inconspicuous 
through cohesion with the nucleus or with the inner surface of 
the testa. In ovules of one coat it is necessarily wanting. 

592. Appendages or outgrowths of the testa generally have 
reference to dissemination. Two characteristic kinds of such 



appendages are the wing and the coma, 
both pertaining only to the seeds of dehis- 
cent fiuits and calculated, by rendering 
seeds buoyant, to facilitate dispersion by 
the wind. The wing of a Pine-seed (Fig. 
661, 662) is a part of the carpellary scale 
upon which the two ovules grew. In 
Trumpet Creeper (Fig. 665), an entire 
wing surrounds the body of the seed. 
In the related Catalpa (Fig. 666), it is 
mainly extended from the two ends, and 
almost dissolved into a coma, the name 
given to the tufb of soft hairs like that 
which forms the down at one end of the 
seed of Milkweed (Fig. 667), and of 
Epilobium, and at both ends in several 
Apocynacese. In the Cotton-plant, very 
long and soft hairs, admirabty adapted for 
spinning, thickly cover the whole seed- 
coat. The wing and coma of seeds are 



ftmctionally identical with the wing and the pappus of the pericarp 
in the samara and the akenes of Compositse (563, 564), but 
morphologically quite unlike them. 

593. There are other (mainly microscopic) structures on some 
seed-coats which come usefully into play in arresting farther 


dispersion at a propitious time or place. In many but not all 
Polemoniacese (notably in CoUomia), in certain Acanthacese, 
such as Euellia tuberosa (and equally in certain Composite of 
the Senecio tribe and in Salvias, &c., among Labiatm, where 
this structure is transferred to akenes and nutlets) , the testa is 
coated with short hairs, which when wetted burst or otherwise 


open and discharge along with mucilage one or more very atten- 
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uated long threads {spiricles) which were coiled within. These, 
protruding in all directions and in immense numbers, form a 
limbus of considerable size around the seed, and evidently must 
serve a useful end in fiisiug these sma^l 
and light seeds to the soil in time of 
rain, or to moist ground, favorable to 
germination. In cress and flas-seed, 
the abundant mucilage developed when 
wetted comes from the gelatination of 
epidermal cell- walls, and 
subserves a similar use. 

594. While the testa 


© 



m 

many seeds is hard and 
crustaceous or bony, imitat- 
ing the pericarp of a nut, in others (such as Pseonia) it becomes 
berry-like (baccate), and in Magnolia, drupaceous.^ 

671.) These may also be regarded as adaptations for dissemi- 



nation, here by the agency of birds, attracted by bright coloring 
and edible pulp. 

595. The rhaphe of an anatropous seed (shown in Fig. 681, 
685) is sometimes so salient as to form a conspicuous appen- 
dage, as in Sarracenia, Fig. 672. Again it may be wholly 


1 See article On the Structure of the Ovule and Seed-coats of Magnolia, 
in Jour. linn. Soc. ii. 106, from which the accompanying figures and Eig. 
689-697 are reproduced. 

PIO 668 Eormlng seed (one eighth of an Inch long) of Magnolia Trmhrona; the 
rhapbo toward the eye. 669, Magnified view of the same divided lengthwise through 
the rhaphe; the outer coat, a, beginning to form a hard Inner layer, a/. Within and 
distinct from this la the inner coat (6), Immediate enclosing the nucleus, o. The oppo- 
site side of the testa Is thicker On account of the rhaphe, in which d indloates the c^ 
of spiral ducts. 

PIG. 670. A neatly friU-grown seed, of the natural slse 671 Longitudinal seotloii, 
enlarged, snowing the crustaceous or stony inner stratum of the testa well develop^ 
the parts lettered as in pig. 669. 672. A transverse section in the same ~ 
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inconspicuous, as in the ripe seed of Magnolia, where it is at 
length completely merged and imbedded in the fleshy drupaceous 
testa, as shown in Fig. 670-672. 

596. Crest-like or other appendages are not uncommon either 
on the rhaphe or at the hilum. These are outgi'owths produced 
during the development of the ovule into the seed. In Sangui- 
najria, such a crest develops from the whole length of the rhaphe 



(Fig. 673) ; in Dicentra, Corydalis (Fig. 674), &c., from some 
part of it, mostly from its base next the hilum, or from the 
hilum itself, or even from just below it. Such an appendage, 
especially when attached to the base of the seed, is named a 
Strophiole. a similar and commonly a wart-shaped appendage 
in Euphorbia, Ricinus (Fig. 675), &c., is produced by an out- 
growth of the external orifice of ^e ovule, the micropyle of ttie 
seed. This properly takes the name of Caruncle. But the 
two terms are not ^ways discriminated. By further develop- 
ment, either of these may give rise, in certain seeds, to an acces- 
sory covering called 

597. The Aril or Arillus. This term, rather vaguely employed 
by Lmnseus, was first well defined by Gsertner. The true arillm 

S is an accessor}^ seed-covering, more or less incom- 
plete, formed between the time of fertilization and 
the ripening of the seed, by a growth from the apex 
of the funiculus (when there is any) at or just be- 
low the hilum, in a manner similar to that in which 
the coat or coats of the ovule are formed. That 
®® of Njmphsea (Pig. 676) is a typical example ; only 
the arillus is developed from the funiculus at a point distinctly 
below its apex : here a ring forms, which grows into a cup, and 
this is soon extended into a sac, loosely enclosing the seed, and 
open at the top. This is membranaceous ; commonly it is fleshy. 
When there is absolutely no funiculus, the aril may originate 
from the placenta, as it does in Podophyllum, in which most of 


PIG. 672 AnatropOTis seed of Sarracenla porpnrea, Tvlth very salfent rliaphe 67S 
Same of Sanguinaria or Bloodrootf with rhaphe created for its whole leiifi^h 674, Seed 
of Corydalts aurea, with crest or strophiole, atta(^ed at or near the hilum. 676. Seed 
<8n8pe]ided) of Blcinus, with Its oanmcle 

FIG. 676 Seed of White Water-Lily, Nymphsea odorata, in Its loose and Jilin ariUns* 
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the pulp of the berry consists of these fleshy arils, much com- 
pacted. (Fig. 677, 678.) 

598. The laciniate aril of the nutmeg (mace) and, it is said, 
the bright red and pulpy aril of Euonymus and Celastrus begin 
in the manner of a ca- 
runcle, and are formed 
(mainly if not wholly) 
of an outgrowth at or 
around the micropyle. So 
that, if an orthotropous 
seed ever developed an 
aril of this sort, it would 
be seen to begin at the apex of the seed and cover it from above 
downward. Planchon, who distinguished this from the true aril, 
gave to it the name of Aiullode (AriUodium) or False Arillus. 

599. The Nucleus, or kernel of the seed, consists of the Albu- 
men, when this substance is present, and the Embiyo. 

600. The Albumen, as described in ^e second chapter (25, &c .) , 
is the name generally employed^by systematic botanists for a 
store of nutritive matter in the seecl outside of the embryo, 
^atever its chemical composition . It is not here the name 
of a chemical substance (^albumen or albumin ) , but of a cellular 
structure, the cells of which are loaded commonly with starch- 
grains (as in the Cerealia), more or less mingled with other 
matters, or else filled with an encrusting deposit of some equiva- 
lent substance, as in the cocoanut, coffee-grain, &c. The cells 
in which this deposit is made belong either to the original tissue 
of the nucleus, or to a new formation within the embr}" 0 -sac, 
mostly to the latter. (503.) 

601. Albumen may be said to belong to aU seeds in the grow- 
ing stage. In what are called albuminous seeds it persists and 
forms either almost the whole kernel, the embrj’o remaining 
minute (as in Fig^ 23, 54, 680), or forms a large portion of it (Fig. 
13, 17, 19, 21, 48, 663, 664), or, by the growth of the embryo 
displacing it, it may in the ripe seed be reduced to a thin stratum 
or mere lining to the contiguous seed-coat ; or it may disappear 
altogether, as in the seeds of Maple, Almond, Squash, Pea, and 
the like, which are therefore said to be ezalhuminous. The 
difference between albuminous and exalbuminous seeds is that 
the maternal nutritive deposit is transferred to the embryo in 



710. 677. Section of pericarp and placenta of Podophyllum peltatum ; the pulp of 
the latter mainly of the nature of arillus, inveeting the seeds. 678 The arillus of 
seed detached and enlarged, divided lengthwise, showing the seed within. ^ 
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the former during germination, in the latter during the growth 
of the seed, 

602. The albumen was named Perisperm by Jussieu, and 
Endosperm by Richard (25, note) ; but neither name has in 
systematic botany displaced the earlier one of Grew and Gsert- 
ner. But both names have recently been brought into use to 
distinguish between two kinds of albumen, that formed within 
the embryo-sac, which is specifically termed Endosperm, and that 
formed without, which takes the name of Perispeem. This use 
comports with the etymology of the two words, the former refer- 
ring to a comparatively internal and the latter to an external 
portion of the seed or kernel. 

603. In most seeds the albumen is endosperm : in Canna it 
is all perispenn. In Nymphaea and its allies (except Nelum- 

bium, which has none) most of it is perispenn ; 
but a thin and condensed layer of endosperm 
surrounds the embryo, where with the per- 
sistent embrj'o-sac (or the apex of it) it 
forms the fleshj- sac in which the embryo is 
enclosed. It is the same in the Pepper Family 
(Fig. 679) , except that there is a larger quan- 
6n) tity of endosperm or inner albumen. 

604. When the nucleus of a ripe seed is hollow, as in the 
cocoanut and nux vomica, the formation of endosperm, which 
usually begins next the wall of the embryo-sac, has not proceeded 
so as to fiU the cavity. The embryo- sac in the cocoanut attains 
enormous size, and the cavily is filled by the milky fiuid. 

605. The texture or consistence of the albumen differs greatly. 
It is farinaceous or mealy when, consisting mainly of starch- 

grains, it may readily be broken down into a powder, 
as in wheat, buckwheat, c&c. ; when saturated 
with a fixed oil, as in poppy-seed; fleshy ^ when 
more compact, but readily cut with a knife, as in 
the seed of Barberry ; mucilaginous^ when soft and 
somewhat pulpy, as in Morning Glory and Mallow, 
but when dry it becomes fleshy or harder ; cormous^ 
when of the texture of horn, as in coffee and the 
seed of Caulophyllum ; and even hony^ as in the vegetable ivory, 
the seed of Phytelephas. It is mostly uniform ; but in the nutmeg. 




FIG. 679. Longitudinal magnified section of a seed of Black Pepper; showing the 
Targe epispenn, the small endosperm in the persistent embryo-sac, and in this the 
minute embryo. 

PIG 680 Longitudinal section of a seed of the so-called Papaw, Asimlna triloba, 
with ruminated albumen and minute embryo. 
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in the seeds of Asimina (Fig. 680) and all the Custard-Apple 
family, it is marked by transverse Imes or divisions (caused by 
inflexions or growths of the inner seed-coat) , giving a section 
of it either a marbled appearance, or as if it had been slit by 
incisions : it is then said to be ruminated. 



606. The Embryo,^ being an initial plantlet or individual of a 
new generation, is of course the most important part of the seed. 
To its production, protection, and support, aU the other parts of 
the fruit and flower are subservient. 

607. In an embryo of full development, namely, one in which 
all the parts are manifest antecedent to germination, these parts 
are the Gavlicle^ otherwise called Radicle^ the Cotyledx)ns^ and 
the Plumule. (20, 80.) The first is the initial 
axis or stem, a primar3^ internode ; the second 
consists of the leaves of the primary node ; the 
third is a beginning of a farther growth which 
is to develop more stem and leaves. Such an 
embrj^o is usually unaccompanied by albumen, 
having in the course of its growth taken into 
itself (mostly into the cotyledons) the provision 
which in other seeds is mainly accumulated external to it until it 
is drawn upon in germination. 



1 The word Embnfo or Emhryon was applied to this body in plants by 
Bonnet (Considerations snr les Corps organisdesjjin 1762, and was introduced 
into systematic botany at about the same time (1768) by Adanson: it was 
taken up by Gsertner in 1788 Jussieu in the Genera IPlantarum (1789) held 
to the term Cwadum (the cor seminis) which came down from Csesalpinus. 

Being the germinal part of the seed, the embryo of the plant, like that of 
the animal, is in general language often called the Germ. 

FIO. 681 Seed of a Violet (anatropons), enlarged; with hllum or soar (a), rhaphe 
<&), and chalaza (c) indicated. 682. Vertical section of the same, showing the straight 
embryo in the axis of the mealy albumen. 

PIG 683 Vortical section of the (orthotropous) seed of Buckwheat, showing the 
embryo fobled round in the mealy albumen. 

PIG. 684. Vertical section of the (anatropous) seed of Blodea Vlrginica, the embryo 
completely ftUlng the coats 

PIG. 086. Seo<l of nelphininm tricorne (anatropous), enlarged; the hllum, the 
rhaphe, an<l the chalaza lettered as in Pig 681 686 Vertical section of the same with 

c, the chalaza, <i, the testa, e, the tegmen,/, the albumen, p, the minute embryo near 
thehilum {a) 

PIG. 687. Embryo of the Pumpkin, with its short radicle and large and flat cotyle- 
dons, seen flatwise. 688. A vertioid section of the same, viewed edgewise. 
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608. The opposite extreme is an embiyo (as in Fig. 686) 
Tvhich appears as a mere speck in the albumen, but in which 
close microscopical inspection may commonly reveal some differ- 
entiation, such as a slight notch at one end (that farthest re- 
moved from the micropjde) of a dicotyledonous embiyo, indicating 
the future cotyledons. Indeed, in Monotropese, Orobanchacese, 
and some other parasitic dicotyledonous plants, and in Orchids 
among the monocotyledonous, Ihe embryo is a globular or oblong 
, particle, with no adumbration of organs whatever antecedent to 
germination. There are all grades between the most rudimen- 
tajy’’ and the most developed embiyos. 

609. Under the circumstances of its formation (532), the 
radicular end of the embryo is always near to and points towards 
the micropyle of the seed, viz. to what was the onfice of the 
ovule ; and if the embr^^o be straight, or merety partakes of the 
curvature of the seed, the cotyledons point to the opposite 
extremity, that is, to the chalaza. 

610. The position of the radicle as respects the hilum varies 
with the different kinds of seed. In the o^otropous form, as in 
Helianthemum (Fig. 664) and Pepper (Fig. 679), the radicle 
necessarily points directly away from the hilum.^ In the anatro- 
pous form, as in Fig. 663, 682, and 684-686, the extremity 
of the radicle is brought to the immediate vicinity of the hilum ; 



and so it is, although in a different way, 
in the campjdotropous seed (Fig. 689, 
690) ; while in the amphitropous the 
radicle points away from the hilum later- 


As the nature of the ovule and seed 


may usually be ascertained by external inspection, so the situation 


1 Two technical terms, early introduced by Richard to indicate the direc- 
tion of the radicle (caulicle), or rather its relation to the hilum, are 

Aniitropous, when the embryo directs its radicle away from the hilum, as 
it must in all orthotropous seeds ; 

Orthotropous, also Jiomatropous, when directed to the hilum (more strictly to 
the micropyle close to the hilum), as in anatropous seeds. These two terms 
are still employed by many botanists, although superfluous when the ovule 
or seed is stated to be anatropous or orthotropous, &c And the term 
orthotropous, so used, is liable to be confused with orthotropous as applied 
to the ovule. 

Richard, moreover, termed the embryo amphitropous when curved or coiled, 
as in duckweed (Fig. 689) and all such campylotropous seeds ; and hetero- 
tropous when neither radicle nor cotyledons point to the hilum, as occurs 
in the semi-anatropous or amphitropous ovule. Many botanists describe 
the last by the expression " radicle vague,” or, better, “ embryo transverse.” 

FIG'. 689 Campylotropous seed of common Ohickweed, magnified 690 Section ot 
the same, showing the embryo coiled mto a ring mnnd the albumen. 
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of the embryo within, and of its parts, may often be inferred 
without dissection. But the dissection of seeds is not generally 
difficult. 

611. The direction of the radicle with respect to the pericarp 
is also noticed b}" systematic writers ; who employ the terms 
radicle superior or ascending when this points to the apex of the 
frait ; radicle inferior or descending when it points to its base ; 
^.entripetal^ when turned toward the axis of the fruit ; centrifugal 
(or peritropous) , when turned toward the sides ; and vague^ 
when it bears no evident or uniform relation of the kind to the 
pericarp. 

612. The position of the embryo as respects the albumen, 
when that is present, is various. Although more commonly in 
the axis, it is often excentric^ or even external to the albumen, 
as in all Grasses and cereal Grains (Fig. 56-61), in Polygonum, 
&c. When external or nearly so, and curved circularly around 
the albumen, as in Chickweed (Fig. 690) and Mirabilis (Fig. 
17) , it is said to be peripheric. 

613. The embryo may be very variously folded or coiled in 
the seed. The two cotyledons, instead of plane and straight, 
may be crumpled ; or they may be simply convolute or rolled up 
from one edge, as in Calycanthus (Fig. 691) ; or drcinatelg con- 

0 ® ^ 0 

(K)l 082 696 69i 685 

volute from the apex, as in Bunias ; or else doubled up and thus 
hiplicatelg convolute^ as in Sugar Maple, Fig. 2. Two modi- 
fications are moi'e common, and are of such classificatory impor- 
tance in Crucifer® as to need special reference. Namely, when 
cotyledons are 

Incumbent (as in Fig. 692, 693), being so folded that the back 
of one is laid against the side of the radicle ; and 

Accumbent (Fig. 694, 695), when the edges of the pair of 
cotyledons are longitudinally applied to the radicle. These 
differences wore first employed in the classification Crucifer® by 



PIG, 691 Convolute enilirvo of Cftlycantluw, the upper half cut away. 

PIG. 692, Seed of a ("mclforouR plant (SiBymbrium), with Incumbent ootyledoxiB, 
divided. 603. Embryo of the eame detached entire. 

PIG. 694 Sewl of a Cruciferous plant (Barbarea) with accumbent cotyledons, 
695. The embryo entire. 
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Eobert Brown, and were adopted as primaay and tribal characters 
by BeCandolle. 

614. As to number of cotyledons, the two types of embryo 
are the 

Monocotyledonous^ with a single cotyledon, u e, leaves at the 
first nodes alternate (39) ; and 

Dicotyledonous, with a pair of cotyledons, L e. leaves of the 
first node in the most simple whorl, a pair, in other words, oppo 
site (21) ; with its modification of 

Polycotyledonous (38), the leaves of the first node in whorls of 
three, four, or more. This occurs with constancy in a majority 
of Coniferae (Fig. 48, 49) , occasionally and abnormally in sundry 
ordinary dicotjdedonous species. 

615. There are several embryos of the cotyledonous type in 
which one cotyledon is smaller than the other, viz. the inner 
one when the embryo is coiled or folded. And in all the species 
of Abronia (a genus allied to Mirabilis, Fig. 18) this cotyledon 
is wanting, so that the embiyo becomes technically monocotyle- 
donous. In another genus, the Dodder (Fig. 78, 79), both 
cotyledons are constantly wanting ; and the plumule shows only 
minute scales, the homologues of succeeding leaves reduced 
almost to nothing. 

616. Sometimes the two cotyledons are consolidated into one 
body by the coalescence of their contiguous faces ; when they 
are said to be conferrujninate. This occurs more or less in the 
Horsechestnut and Buckeye (Fig. 41, 42), and is striking in 
the seed of the Live Oak, Quercus virens. 

617. The general morphology of the embryo and its develop- 
ment in germination were described at the commencement of this 
volume. And so tlie completion of this account of plant, flower, 
fruit, seed, and embiyo brings the history round to the starting 
point. (12-19, &e.) Having mastered the moiphology and 
general structure of the higher grade of plants, the pupil may 
go on to the morphology and structure of cells (or Vegetable 
Anatomy or HistologjO, and to the study of Cryptogamous 
Plants in alt their grades. 
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CHAPTER IX. 

TAXONOMY. 

Section I. The Principles op Classification in Natural 

History. 

618. Taxonomy, from two Greek words which signify arrange- 
ment and law, is the study of classification. This is of utmost 
importance in Natural History, on account of the vast number 
of kinds to be set in order, and of relations (of agreement and 
difference) to be noted. Botanical classification, when complete 
and correct, will be an epitome of our knowledge of plants. 
Arrangement according to kinds, and of special kinds, under 
the more general, is common to all subjects of study. But the 
classification in Biological Natural History, that is in Botany and 
Zoology, has a foundation of its own. 

619. The peculiarity of plants and animals is that they exist 
as individuals, propagating their like from generation to genera- 
tion in a series. Of such series of individuals there are very 
many kinds, and the kinds have extremely various and unequal 
degrees of resemblance. There are various gradations, but not 
€ttt gradations of resemblance. Between some, the difference is 
so wide that it can be said only that they belong to the same 
kingdom ; between others, the resemblance is so close that it 
may be questioned whether or not they came from common 
parents or near ancestors. 

620. The recognition of the perennial succession of similar 
individuals gives the idea of Species. The recognition of un- 
equal degrees of likeness among the species is the foundation 
of Genera, Orders, Classes, and other groups of species. 

621. Individuals are the units of the series which constitute 
species. The idea of individuafity which we recognize through- 
out the animal and vegetable kingdoms is derived from ourselves, 
conscious individuals, and from our corporeal structure and 
that of the higher brute animals. This structure is a whole, 
from which no part can be abstracted without mutilation. Each 
individual is an independent oi^nism, of which the component 
parts are reciprocally means and ends. Individuality is a mam 
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distinction between beings and things ; but, although the tend- 
ency to individuation begins with life itself, it is completely 
realized only in the higher animals. 

622. In plants, as also in some of the lower animals, indi\ddu- 
ality is meiged in community. No plant (except one reduced 
to the simplicity of a single cell, of circumscnbed growth, and 
without organs) is an individual in the sense that a man or a 
dog is. (16, 156.) The herb, shrub, and tree ai‘e neither 
indivisible nor of definite limitation. Whether their successive 
growths are to remain parts of the previous plant, or to be inde- 
pendent plants, depends upon circumstances ; and there is no 
known limit to budding propagation. 

623. There is, however, a kind of social or coiporate indi- 
viduality in those animals, or communities (whichever we call 
them) of the lower grade which are multiplied b}' buds or olf- 
shoots as well as by ova, and in which the offspring remains, or 
may remain, organically connected with the stock. The pol}’- 
pidom or polyparium commonl}' has a certain limitation and a 
definite form ; and certain pol^-ps may become oigans with 
special functions subordinate to the common weal. This is 
more laigely true in the vegetable kingdom. So that for de- 
sciiptive purposes, and in a just although somewhat loose sense, 
the herb, shrub, or tree is taken as an individual. But onl}" 
while it forms one connected body. Offshoots when separately 
established are equally individuals in this sense. 

624. What it is in plants which philosophically answers to the 
individual in the higher animals is another question, to which 
various answers have been given.^ Some insist that the whole 
vegetative product of one seed makes one individual, whether 
connected or separated (as may happen) into a million of plants. 
But a common and less strained view restricts the individual 
to such product only while organically united. Otliers (of 
which Thouars at the beginning and Braun at the middle of the 
present century are leading examines) take each axis or shoot 
with its foliage to represent the individual, of which the leaves 
and their homologues are organs, the branches being usually 
implanted upon the parent axis as this is implanted in the soil, 
but also equally capable of producing roots by which they ma^" 
make their own connection with the soil. Still othei’s, on pre- 


1 Por the history of opinion npon and a full presentation of this topic, 
see Alexander Braun^s Memoir (originally published in the Abhandl. Akad. 
Wissenschaften zu Berlin, 1863), Das Individuum dor Pflanzo, &c., and « 
translation by C. Stone in Amer. Jour. Sci. ser 2, xix. xx 1856 
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cisely similar grounds, carry the anal^'sis a step farther, and 
regard each pli^tomer (IG) as the individual. Finally, some, in 
view of their potentially independent life, take tlie cells, or units 
of anatoimcal structui‘e, to be the true individuals ; and this 
with sufficient reason as regards the simplest cryptogamous 
plants. Upon the view here adopted, that plants do not rise 
high enough in the scale of being to reach true individuality, 
the question is not whether it is the cell, the ph^lomer, the shoot, 
the tree, or the w'hole vegetative product of a seed which answers 
to the animal individual, but only which is most analogous to it. 
In our view, its analogue is the cell in the lowest gi'ades of vege- 
table life, the ph3lx)iner in the higher.^ But, in botanical de- 
scription and classification, b^' the individual is meant the herb, 
shrub, or tree, unless otherwise specified. 

G25. Species in biological natural history is a chain or series 
of organisms of which the links or component individuals are 
pai'ent and offspring. Objectively, a species is the totality of 
beings which have come from one stock, in vuliue of that mo&t 
general fact that likeness is transmitted from parent to progeny. 
Among the many definitions, that of A. L. Jussieu is one of the 
briefest and best, since it expresses the fhndamental conception 
of a species, L e. the perennial succession of similar individuals 
perpetuated by generation. 

626. The two elements of species are : 1, community of origin ; 
and, 2, similarity of the component individuals. But the degree 
of similarity is variable, and the fact of genetic relationship can 
seldom be established by observation or historical evidence. It 
is from the likeness that the naturalist ordinarily decides that 
such and such individuals belong to one species. Still the like- 
ness is a consequence of the genetic relationship ; so that the 
latter is the real foundation of species. 


^ For jiist as successive branches are repetitions and proj^eny of the 
parent branch or stem, the phytomers of the branch are repetitions and 
progeny each of the preceding one, so forming a series of vegetative 
generations ; and the whole tree might almost as well represent the individ- 
ual as one of its branches. The phytomer, as well as the l)ran<*h, is capable 
of completing itself by producing roots, but is itself mdivisiblo except by 
mutilation. Least tenable of all is the conception that the whole product 
of a seed may he taken to represent the vegetable individual. For then 
individuals increased bv buds and division are vrlmlly unlimited b<ith in ex- 
tent and in duration, so far as observation can show, and a multitudinous 
race, not only of the present and past, but perhaps in perpetuity, may con- 
sist of a single individual. There are, indeed, theoretical reasons for infer- 
ring that a bud-propagated race may not last so long as a seed-propagated 
species i but there is no proof of it. See Darwiniana, Art, xii. 
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627. No two individtials are exactly alike ; and offspring of 
the same stock may differ (or in their progeny’ may come to differ) 
strikingly in some particulars. So two or more fonms which 
would have been regarded as wholly distinct are sometimes 
proved to be of one species by evidence of their common origin, 
or more commonly are inferred to be so from the observ^ation of 
a series of intermediate forms which bridge over the differences. 
Only observation can inform us how much difference is compat- 
ible with a common origin. The general result of observation 
is that plants and animals breed true from generation to genera- 
tion within certain somewhat indeteiminate limits of variation ; 
that those indiriduals which resemble each other within such 
limits interbreed freely, while those with wider differences do 
not. Hence, on the one hand, the naturalist recognizes Varietzes 
or differences within the species, and on the other Genera and 
other superior associations, indicative of remoter relationship of 
the species themselves. 

628. Tarieties are foims of species marked by characters of 
less fixity or importance than are the species themselves. They 
may be of all grades of difference from the slightest to the most 
notable; they abound in fr'ee nature, but assume particular 
importance under domestication and cultivation; under which 
variations are most prone to originate, and desirable ones are 
preserved, led on to frrther development, and relatively fixed. 

629. If two seeds from the same pod are sown in different 
soils, and submitted to different conditions as respects heat, light, 
and moisture, the plants that spring from them will show marks 
of this different treatment in their appearance. Such differences 
are continually arising in the natural course of things, and to 
produce and increase them artificially is one of the objects of 
cultivation. Striking as they often are (especially in annuals 
and biennials) , they are of small scientific consequence. When 
spontaneous they are transient, the plant either outlasting the 
modifying cause or else succumbing to its continued and graver 
operation. But, in the more marked varieties which alone de- 
serve the name, the cause is occult and constitutional; the 
deviation occurs we know not why, and continues throughout 
the existence and growth of the herb, shrub, or tree, and con- 
sequently through all that proceeds from it by propagation from 
buds, as by offsets, layers, cuttings, grafts, &c. 

680. Some varieties of cultivation originate in comparatively 
slight deviations from the type, and are led on to greater differ- 
ences, by strict selection of the most marked individuals to 
breed from. Most appear as it were ftdl-fiedged, except as to 



say sport That is, some seedlings, or some shot 
unlike the rest in certain particulars.® . 

631. Most varieties originate in the seed, and there|| 

foundation for them, whatever it may be, is laid in sexu 
(luction. But Budrvariation^ or the sporting of cer 
into characters in branch, flower, or fruit unlike thosel 
stock, is known in a good number of plants.® It mij 
occur in corals, hydras, and other compound animals prop 
by budding. Once originated, these varieties mostly i 
like seedling varieties, through all the generations of ’ 
growth, but are not transmitted to the seed. , 

632. Upon the general principle that progeny inherits o^ 
to inherit the whole character of the parent, all varietie^ 
have a tendency to be reproduced by seed. But the inhe 
of the new features of the immediate parent will comm 
overborne by atavism, %, e. the tendency to inherit from 
parents, gi*eat-grand-parents, &c. Atavism, acting through 
line of ancestry, is generally more powerful than the h 
of a single generation. But when the offspring does inh 
peculiarities of the immediate parent, or a part of them, 
spring has a redoubled tendency to do the same, and th 
generation still more ; for the tendency to be like parent, 
parent, and great-grand-parent now aU conspire to this 
and overpower the influence of remoter ancestry. Close- 
ing (398) is requisite to this result. In the natural wild 
varieties — many and conspicuous as they often are — m 
much repressed by the prevalent cross-fertilization which; 
place among the individuals of almost all species. Cultivate 
breeders in flxing varieties are careful to secure close br 
as far as this is possible. This has flxed the particular s 
Indian Cora, Rye, Cabbage, Lettuce, Radishes, Peas, & 


I - 


1 Both the technical English term, Sport, and its Latin equivalent 
are sometimes used for hud-variation only, yet as commonly for s 
variation also. 

^ Darwin assumes that variation is of itself indefinite or vague, t 
in no particular direction, hut that direction is wholly given by the e 
tion in the struggle for life of all hut the fittest for the conditions, 
what we observe in the seed-bed does not suggest this view. Nageli, 
and myself incline to the opinion that each plant has an inherent ten 
to variation in certain general directions. 

® A list of known hud-varieties is given in Darwin's Variation of A 
and Hants under Domestication, Chapter xL 




fm3eeKriiS3^?!0rour varieaes amiuzu and bieuniar 

I esculent plants, as well as of several perennials, many of which 
I have been fixed through centuries of domestication, while others 
Jai-e of recent establibhmeut. What is now taking place with 
} the Peach in this country' may convince us that heritable varieties 
may be developed in trees as well as in herbs, and in the same 
manner; and that the reason wh^' most races are annuals or 
^ biennials is because these can be perpetuated in no other way, 
land because the desired result is obtainable in fewer years than 
j in shrubs or trees. Varieties of this fixity of character are called 

1 633. Baces (Lat. Proles). A race, in this technical sense of 

the term, is a variety which is perpetuated with considerable 
^ certainty by sexual propagation. This distinction of varieties 
I pertains chiefiy to botany. In the animal kingdom all permanent 
i varieties must be races. So are all indigenous varieties of 
\ plants.^ In most of these, the position of species and variety is 
1 more or less arbitrary or accidental, and capable of interchange. 
What is called the species may be only a commoner or better- 
known form, or the one first recognized and named hy botanists ; 
whence the other forms as they come to be recognized are made 
to rank in the books as varieties. Instead of one varjing from 
the other, all the forms have probably varied ages ago from a 
common type, 

634. These varieties of the highest order and most marked 
I characteristics, being perpetuable by seed, have the principal 
attributes of species. They are a kind of subordinate derivative 
I species. Hence they are sometimes called Suh^edes. W'e 
judge them not to be so many species, either because in the case 
I of cultivated races we know something of their origin or history, 

I and more of the grave changes which long domestication may 
bring to pass ; or because the forms, however stable, differ 
among themselves less than recognized species generally do ; or 
because very striking differences in the extremes are connected 
by intermediate forms. And our conclusions, it must be under- 
stood, “ are not facts, but judgments, and largely fallible judg- 
ments.” ® For while some varieties appear strikingly different, 
some species are very much alike.® 


^ The Horseradish and a few other plants of spontaneous growth, which 
through long dependence on bud-propagation seem to have lost the power 
of setting ^d, can hardly be called varieties. 

* Darwiniana, 36 

® Wherefore, since we hardly need the term race in the restricted sense 
of seed-propagated variety, it is sometimes convenient to use it in the man- 
Jier proposed by Bentliam (Anniversary Address to the Linnean Society, 
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f i. One distinction between yarieties and species is n<PiPQ 
y and important, even if it may not serve as a criteri£S| 
idividuals of different varieties in plants interbreed as frelly 1 
those of the same vanety and are equally prolific. 
produces | 

'*036. Cross-breeds.^ In nature, cross-breeding doubtless w- ' 
iresses vaiiation or prevents the segi*egation of varieties iw 
rjb^t would be ranked as species. In cultivation and dome®^, 1 
tlftion, it is turned to impoi*tant account in producing intermedijj^l 
varieties (cross-breeds) variously combining the differ^t | 
||?eUencies of two parent individuals or two varieties. Thps* ^ 
ii great number of forms produced by variation (especially 
Showers and fruits) have been further diversified, and selectedL*. 
bnns improved for special uses by judicious combination. 
i37. In general, the individuals of distinct species do notfn* 
nwrbrecd, although many are capable of it. There is groabj 
liyersity in this regard among plants, some (such as Willowfj^ 

i bascums, and Verbenas) interbreeding freely and reciproca llj ^ 
le interbreeding in one direction, but not reciprocally ; otheiK' 
1 when very similar, refusing, to unite. But, on the whoHiP? 
■e seems to be few nearly related species in wliich the polH|| 
he one cannot be made to act upon the ovules of the otlJSsf 
persistent and proper management. Such crossing is 
ortant resource in horiiculture. Crossing of species, wh^ { 
sessfUl, produces ' 

38. Hybrids. In these, the characteilstics of tlie two speci 
combined, sometimes in equal proportions, sometimes wi 
t preponderance of one or the other parent ; and there 
n a difference in the result in reciprocal fertilizations. H 
s do not play a very prominent part in nature, apart fro 
ivation, although the limits of some species may be obscuT' 
hem, possibly of more than is generally supposed. In t 
al kingdom, all the most familiar hybrids are sterile ; in t 
table kingdom, a majority may have a certain but very lo 
ee of fertility ; but this is also the case in many unio 


1869, 5) as the common designation of any group or collection of 
lIs whose characters arc continued through successive genMtion 
her it be permanent vanety, subspecies, species, or group consist 
ry similar species, the term not implying any decision of ifcls quostl 
— race prevails, Submeies ^jJi pyobabartake its pla 
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within the species, and especially in the application of the pollen 
to the stigma of the same blossom. Commonly the sterilit}’ of 
hybrids is owing to the impotence of the stamens, which perfect 
no pollen ; and most such hj’brids maj" be fertilized by the pollen 
of the one or the other parent. Then the offspring either in 
the first or second generation reverts to the fertilizing species. 
Moreover, certain hybrids, such as those of Datura, which are 
fiilly fertile pei' se, di\fide m the ofispnng, partly in the first gen- 
eration, and completely in two or three succeeding generations, 
into the two component species, even when close-fertilized.^ (In 
part this may come from adventive embr^’o-formation, 533.) 

639. There appears, therefore, to be a real ground in nature 
for species, notwithstanding the difficulty and even impossibihty 
in many cases of defimng and limit ing them. 

640. Species is taken as the unit in zoological and botanical 
classification. Impoi1;ant as varieties are in some respects, 
especially under domestication and cultivation, they figure in 
scientific arrangement only as fractions of species. Species 
are the true subjects of classification. The aim of systematic 
natural history is to express their relationship to each other. 

641. The whole ground in nature for the classification of spe- 
cies is the obvious fact that species resemble or differ from each 
-other unequally and in extremely various degrees. If this were 
not so, if related species difiered one from another by a constant 
quantity, so that, when an’anged according to their resemblances, 
the first differed ^ from the second about as much as the second 
from the third, and the third from the fourth, and so on, — or if 

the species blended as do the colors of the rainbow, then, with 

all the diversity in the vegetable kingdom there actually is, there 
could be no natural foundation for their classification The mul- 
titude of species would render it necessary to classify them, but 
the classification would be wholly artificial and arbitrary. The 
actual constitution of the vegetable kingdom, however, as ap- 
pears from observation, is that some species resemble each other 
very closely indeed, others differ as widely as possible, and be- 
tween these the most numerous and the most various grades of 


I According to Naudm in Comptes Rondus, xhx 1860, & Iv 1802 See 
also Naudin^s memoir on hybridity in plants in Ann. Sci Nat. ser. 4, xix. 
1863, pp 180-203, & in Mem Acad. Sci , For the literature on vegetable 
hybrids, see Koelreuter, Nachncht, &c., 1761, and Appendices, 1763-1706a 
Herbert, on Amarylhdacese, 1837 ; C F Gartner, Versuche uxid l?eobachtun3 
n^r; d i<^ m Hlanzenreich, 1840; ;?«Yichura, Did 

an den'^starden dej 
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resemblance or difference are presented, but alwa 3 "s with a mani- 
fest tendenc}’ to compose gi*oups or associations of resembhng 
species, — groups the more numerous and apparently the less 
definite in proportion to the number and the nearness of the 
points of resemblance. These various associations tlae naturalist 
endeavors to express, as far as is necessary or practicable, b} a 
series of generalizations, the lower or pariicular included in the 
higher or more comprehensive. All lands ol* differences are 
taken into account, but only the most constant and definite ones 
are I’elied on for characters^ i. e. distinguishing marks. Liniiieiis 
and the naturalists of his day used names for only three grades 
of association, or gi'oups superior to species^ viz. the Genus^ the 
Order ^ and the Gims ; and these are still the principal members 
of classification. 

642. Oenera (plural of Genm) are the more particular or 
special groups of related species. They are groups of species 
which arc much alike in all or most respects, — which are con- 
structed, so to say, upon the same particular model, witli only 
circumstantial differences in the details. They are not neces- 
sarily nor generally the lowest definable groups of species, but 
«ire the lowest most clearly definable groups which the botanist 
recognizes and accounts worthy to bear the generic name ; for 
the name of the genus with that of the species added to it is the 
scientific appellation of the plant or animal. Constituted as the 
vegetable and animal kingdoms are, the recognition of genera, or 
groups of kindred species, is as natural an operation of the mind 
as is the conception of species from the association of like indi- 
viduals. This is because many genera are so strongly marked, 
at least so far as ordinary obsen^ation extends. Every one 
knows the Eose genus, composed of the various species of Roses 
and Sweetbriers; the Bramble genus, comprising Raspberru^s, 
Blackberries, &c., is popularly distinguished to a certain extimt ; 
the Oak genus is distinguished from the Chestnut and the B(H*ch 
genus ; each is a group of species whose mutual resemblance is 
greater than that of any one of them to any other plants. The 
number of species in sucih a group is immaterial, and in fact is 
y^ry diverse. { A genus may be represented by a single known 
species, when its peculiarities are equivalent in degroo to those 
which characterize other genera. This case often occurs ; al- 
though, if this .were universally so, genus and species would be 
equivalent terms. If only one species of Oak were known, the 
Oak genus would have been as explicitly discerned as it is now 
that the species amount to three hundred ; and better defined, 
for now there are forms quite intermediate between Oak and 
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Chestnut. Familiar illustrations of genera in the animal king- 
dom are furnished by the Cat kind, to which belong the domestic 
Cat, the Catamount, the Panther, the Lion, the Tiger, the Leop- 
aixl, &c. , and by the Dog kind, which includes with the Dog 
the different species of Foxes and Wolves, the Jackal, &c. The 
languages of the most barbarous as well as of civilized people 
everywhere show that they have recognized such groups. Natu- 
ralists merely give to them a gi*eater degree of precision, and 
indicate what the points of agreement are. 

643. If most genera were as conspicuously marked as those 
from which these illustrations arc taken, genus would be as defi- 
nitelj’ grounded in nature as species. But popularl}' recognized 
genera, rightl}’ based, are comparative!}" few. Popular nomen- 
clature, embodying the common ideas of people, merely shows 
that generic groups are recognizable in a considerable number 
of cases, but not that the whole vegetable or the whole animal 
kingdom is dhisible into a definite number of such groups of 
equally or somewhat equally related species. The naturalist 
disceiTis the ground of genera in characters which the casual and 
ordinar}" obsen'er overlooks ; and, taking the idea of genera 
from the numerous well-marked instances as the norm, applies 
it as well as possible to the less obvious or less natural cases, and 
gi’oups all known species under genera. Resemblances among 
the species when rightly grouped into genera, though real, are 
often so unequal in degree, that certain species may be about as 
nearly related to neighboring genera. So that the recognition of 
genera even more than of species is a matter of judgment, and 
even of conventional agreement as to how and where a certain 
genus shah be limited, and what particular association of species 
shah hold the position of genus. All the species of a genus must 
accord in every important structure ; but extended observation 
only can settle the question as to what are important and what 
are incidental characters. For example, the pinnatifid or sinu- 
ate leaf might have been thought as essential to the Oak genus 
as the acom-cup ; but many Oaks are now known with entire 
leaves, resembling those of Willow or Laurel. An open acorn- 
cup beset with imbricated scales is a character common to all 
European and American Oaks ; but in numerous Asiatic species 
the cup bears concentric or spiral lamellm instead, and in others 
the cup takes the form of a naked and closed sac. Maples have 
palmately-veined and lobed leaves ; but one species has undi- 
\ided and pinnately-veined leaves. The Apple and the Pear 
under one view are of the same genus, under another they rep- 
resent different genera. 
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644. The genus must be based on close relationship of species, 
but not necessarily on the closest. Easpbenies differ from 
Blackberries, but must be ranked in the same genus ; and so of 
Plums and Cherries. For the groups which are to bear the 
generic name must be as distinct and definite as possible. 

645. Orders are to genera what genera are to species. They 
ai’e groups of a higher rank and wider comprehension, expressive 
of more general resemblances, or, in other language, of remoter 
relationship. As all species must be ranked in genera, so all 
genera must be ranked in orders. Family in botany is synoii} - 
mous with order : at least natural orders and families (however 
distinguished in zoology) have always in botany been inter- 
changeable terms, and will probably so continue.^ 

646. As examples of orders in the vegetable kingdom take 
the Oak famil}’-, composed of Oaks, Chestnuts, Beeches, &c. ; 
the Pine family, of Pines, Spruces, Larches, Cedans, Araucaria, 
Cypresses, and their allies ; the Rose family, in which Brambles, 
Strawberries, Plums and Chemes, Apples and Pears are asso- 
ciated with the Rose in one somewhat multifarious order. 

*647. Classes are to orders what these are to genera. They 
express still more comprehensive rclations of species ; each class 
embracing all those species which are framed upon the same 
broad plan of structure, however differently that plan may be 
carried out in particulai'S. 

648. Kingdom must be added, to represent the highest gener- 
alization All subjects of biological classification belong either 
to the vegetable or animal kingdom. Mineralogy, Chemistry, 
&c., may use the same terms (genus, species, &c.) in an analo- 
gous way; but the classification of substances rests on other 
foundations than that of beings. 

649. The sequence of groups, rising from particular to univer- 
sal, is Species^ Oenm, Order ^ Olcm^ kingdom / or, in descending 
from the universal to the particular, 

Ejngoom, 

Class, 

Obixbr, 

Genxts, 

Spsoxns. 


1 Order is the older term, and that which assodates best with the technical 
Latin names. Family is a happy term, which associates itself well with 
English names. But its use is attended with this incongruity, that the tnbe 
(663) in natural history classification is subordinate to the family, Xn 
zoology, order is distinguished from family as the next higher grade. 
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650. This is the common framework of natural history classi- 
fication. AH plants and all animals belong to some species; 
every species to some genus ; every genus to some order or 
famUj ; every order to some class ; every class to one or the 
other kingdom.^ But this framework, although all that is re- 
quisite in some parts of natural history", does not express all the 
observable gradations of relationship among species. And even 
gradations below species have sometimes to be classified. The 
series is capable of extension ; and extension is often requisite 
on account of the large number of objects to be arranged, and 
the various degrees of relationship which ma}' come into view. 

651. This is effected by the intercalation of intermediate 
grades, to be introduced into the system only when there is 
occasion for them. And in botany one or more grades superior 
to the classes are needful; for first and foremost is the great 
division of all plants into a higher and a lower Series ® (or sub- 
kingdom) , the Phaenogamous and the Cryptogamous. 

652. The gi'ades intercalated into the long-established sequence 
of Class, Order, Genus, and Species, with new names, are mainly 
two, Tribe and Cohort. 

653. Tribe has been for a generation or two thoroughly estab- 
lished in both kingdoms, as a grade inferior to order and supe- 
rior to genus. In botanical classification, much use is made of 
this grade, genera being grouped into tribes, 

654. Cohort (Lat. Oohors) is of more recent introduction, at 
least in Botany, but is becoming established for a grade next 
above that of order. Orders are grouped into cohorts. Bindley 
hit upon a good English name for this grade, that of Alliance. 
But this word has no available Latin equivalent ; while cohort 
takes equally well a Latin or an English form. 

655. Finally, each grade is capable of being doubled by the 
recognition of one like it and immediate!}" subordinate to it, and 
with designation directly expressive of the subordination. For 


1 Not recognizing Haeckel’s third kingdom of Protista, consisting of those 
lowest forms of being from which the animal and vegetable kingdoms 
emerge. 

® Answering to the French JEmhranchement in zoology For this it is pro- 
posed to use the word Division (Divisio ) : see Laws of Botanical Nomencla- 
ture adopted by the International Botanical Congress held at Paris in 
August, 1867 , together with a Bfistorical Introduction and a Commentary, by 
Alph. IteCandolle, — English translation, London, 1868 ; the original French 
edition, Paris, 1867 Perhaps no better name can be found ; but the elder 
DeCandolle brought Divisio into common use for a grade subordinate to 
tribe Endlicher employed the term Regio. We have used Series, and 
much prefer it 
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example, if Dicolyledones and Monocot 3 dedones be the two 
classes of Phsenogamia, the former (and onl}" the fonner) is 
divided upon very important characters into two branches, of far 
higher rank than the cohorts, vi 2 :. the Angiospermse and the 
Gj’mnospcnnae, which take the name of Subclasses. Orders, 
especially' the more comprehensive ones, often comiorise two or 
more groups so distinct that it may fairly be a question whether 
they' are not of ordinal rank : such take the name of Suborders. 
Tiibes in like manner may comprise groups of similar relative 
value : these are Subtribes. Genera may' comprise sections of 
species which might almost as well rank as genera themselves : 
to mark their importance and pretension (which may come to 
be allowed), they are termed Subgenera. Finally, forms which 
are ranked as vaneties, but which may' establish a claim to be 
distinct species, are sometimes termed Subspecies. Even what 
we regard as a variety' may' comprise more or less divergent 
forms, to be distinguished as Subvarieties. 

G5G. Some of the larger and most diversified orders, tribeSs 
genera, or species may require all these analytical appliances, 
and even more, for their complete elucidation; while others, 
comparatively homogeneous, offer no ground for them. But 
when these grades, or some of them, come into use, they' are 
always in the following sequence: — 

KINGDOM, 

Series or Division, or Sub-kingdona, 

Class, 

Subclass, 

Cohort, 

Order or Family, 

Suborder, 

Tribe, 

Subtaribe, 

Gertis, 

Subgenus, 

Section, 

Subsection, 

Species, 

Subspecies or Kace, 
Variety, 

Subvariety. 

657. Nature and Meaning of Affinity. These grades, the higher 
including the lower, denote degrees of likeness or difference. 
Plants belonging respectively to the two groat senes or primary 
<ii\i8ions may accord only in the most general respects, in that 
which makes them plants rather than animals. Plants of the 
aamo vaiiet y are generally as much alike as if they were of the 
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same immediate parentage. All plants of the same species are 
so much alike that they are inferred to have descended from 
a common stock, and their differences, however grave, are sup- 
posed to have arisen from subsequent variation, and the more 
marked differences to have become fixed through heredity. This 
is included in the idea of sj)ecies. Descent from a common 
origin explains the hkeness, and is the only explanation of it. 

658. But what is the explanation of the likeness between the 
species themselves? As respects nearly related species, the answer 
is clear. Except for practical purposes and m an arbitraiy 
way, no certain and unfailing distinction can be drawn between 
varieties of the highest grade and species of closest resemblance. 
It cannot reasonably be doubted that the}’' are of similar origi- 
nation. Then there are all gradations between very closely and 
less closely related species of the same genus of plants. 

659. The Theory of Descent, that is, of the diversification of the 
species of a genus through vaiiation in the lapse of time, affords 
the only natural explanation of their likeness which has yet been 
conceived. The alternative supposition, that all the existing 
species and forms were originally created as they are, and have 
come down essentially unchanged from the beginning, offers no 
explanation of the likeness, and even assumes that there is no 
scientific explanation of it. The hypothesis that the species of 
a genus have become what they are by diversification through 
variation is a very old one in botan}", and has from time to time 
been put forward. But until recently it has had little influence 
upon the science, because no clear idea had been formed of any 
natural process which might lead to such result. Doubtless, if 
variation, such as botanists have to recognize within the species, 
be assumed as equally or even more operative through long ante- 
rior periods, this would account for the diversification of an 
original species of a genus into several or many forms as differ- 
ent as those which we recognize as species. But this would not 
account for the limitation of species, which is the usual (but 
not universal) characteristic, and is an essential part of the 
idea of species. Just this is accounted for by 

660. Natural Selection. This now familiar term, proposed by 
Charles Darwin, was suggested by the operations of breeders in 
the development and fixation of races for man’s use or fancy ; — 
in animals by breeding from selected parents, and selecting for 
breeding in each generation those individuals only in which the 
desired points are apparent and predominant ; in the seed-bed 
by rigidly destroying sjl plants which do not show some desirable 
variation, breeding in and in ftopa these, with strict selection of 
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the most variant form in the particular line or lines, until it be- 
comes fixed by heredity and as different from the primal stock 
as the conditions of the case allow. In nature, the analogous 
selection, through innumerable generations, of the exceedingly 
small percentage of individuals (as ova or seeds) w’hich ordi- 
narily are to survive and propagate, is made b}' competition for 
food or room, the attacks of animals, the vicissitudes of climate, 
and in fine by all the manifold conditions to which tliey are 
exposed. In the Struggle for Life to which they are thus inevi- 
tably exposed, only the individuals best adapted to the circum- 
stances can survive to maturity and propagate then* like. This 
Survival of the Fittest^ metaphorically expressed hy the phrase 
natural selection, is in fact the destiniction of. all weaker com- 
petitors, or of all which, however they might be favored by other 
conditions, are not the most favored under the actual circum- 
stances. But seedhngs vaiying, some in one direction, some in 
anotlier, are thereby adapted to different conditions, some to one 
kind of soil or exposui’e, some to another, thus lessening the com- 
petition between the two most divergent foims, and favoring their 
presentation and farther separation, while the intermediate forms 
perish. Thus an ancestral type would become diversified into 
races and species. Earlier variation under terrestrial changes 
and vicissitudes, prolonged and various in geological times since 
the appearance of tlie main typos of vegetation, and the attendant 
extinctions, arc held to account for genera, tribes, orders, &c., 
and to explain their actual affinities. Afflnit}^ under this view 
is consanguinity ; and classification, so far as it is natural, ex- 
presses real relationship. Classes, Orders, Tiibes, &c., are the 
earlier or main and successfhl branches of the genealogical tree, 
genera are later branches, species the latest definitely developed 
ramifications, vaiieties the developing buds.^ 

661. Except as to those changes in size, luxuriance, or depau- 
peration and the like, in which plants, especially seedlings, 
respond promptly to external influences, as to heat or cold, 

1 For tlxe inception of this theory of descent in the form which has within 
the last twenty years profoundly affected natural history, and developed a 
copious literature, see a short paper On the Variation of Organic Beings in 
a State of Nature ; On the Natural Means of Selection ; and On the Com- 
parison of Domestic Kaces and True Species, by Charles Darwin, also On 
the Tendency of Varieties to depart indefinitely from the Original Type, by 
Alfred Russell Wallace, both road to the Linnean Society, July 1, 1^8, and 
published in its Journal of the Proceedings, iii. (Zoology) 4^-62. For the 
development of the doctrine, see Darwin's Origin of Species by Means of 
Natural Selection,” "The Variation of Animals and Plants under Domes- 
tication,” and various other works; Wallace's ” Geographical Distribution 
of Animals,” &c. For some expositions, see Gray's Darwiniana,” 
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moisture or dryness (which are transient and comparative!}" 
unimportant) , variation, or the unlikeness of progeny to parent, 
is occult and inexplicable. If sometimes called out by the 
external conditions, it is by way of internal response to them. 
In Darwin’s conception, valuation of itself does not tend in any 
one particular direction : he appeal's to attribute all adaptation 
to the sorting which results from the struggle for existence and 
the survival of the fittest. We have supposed, and Ncegeli takes 
a similar view,^ that each plant has an internal tendency or pre- 
disposition to vary in some directions rather than others ; fiom 
which, under natural selection, the actual differentiations and 
adaptations have proceeded. Under this assumption, and taken 
as a working hypothesis, the doctrine of the derivation of species 
serves well for the co-ordmation of all the facts in botany, and 
affords a probable and reasonable answer to a long series of 
questions which without it are totally unanswerable. It is sup^ 
ported by vegetable palaeontology, which assures us that the 
plants of the later geological periods are the ancestors of the 
actual flora of the world. In accordance with it we may explain, 
in a good degree, the present distribution of species and other 
groups over the world. It rationally connects the oitier of the 
appearance of vegetable types in time witli the giades of differ- 
entiation and complexity, both proceeding from the simpler, or 
lower and more general, to the higher and more differentiated 
or special ; it explains by inheritance the existence of function- 
less parts ; throws light upon the anomalies of parasitic plants in 
their various gradations, upon the assumption of the most various 
functions by morphologically identical organs, and indeed illumi- 
nates the whole field of morphology with which this volume has 
been occupied. It follows that species are not “ simple curiosities 
of nature,” to be catalogued and described merely, but that they 
have a history, the records of which are impressed upon their 
structure as well as traceable in their geographical and palaeon- 
tological distribution. This view, moreover, explains the re- 
markable fact that the characters in which the affinities of 
plants are mainly discerned (and which therefore serv^e best 
for oixiere, tribes, and other principal groups) are commonly such 
AS are evidently of small if any importance to the plant's well- 
being, and that they run like threads through a series of species 
of the greatest diversity in habit, mode of life, and particular 
Adaptations to conditions.® 

1 Entetehung und Begriff der natarhistorischen Art. Zweite Auflago, 1865. 

® This IS a corollary of natural selection, which can take effect only 
npon useful characters, t. e. upon structures which play some active part 
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662. The fixity of species under this view is not absolute and 
universal, but relative. Not, however, that specific changes are 
necessitated in virtue of any fixed or all-conti*olling natural law. 
Some of the lowest forms have existed essentially unchanged 
through immense geological peiiods down to the present time ; 
some species even of trees are apparently unchanged in the lapse 
of time and change of conditions between the later tertiary period 
and our own day, duiing which most others have undergone 
specific modification. Such modifications are too slow to effect 
in any wise the stability and practical application of botanical 
classification. 

Section II. Botanical Classification. 

663. Natural and Artifloial Olassifleatioiis may be distinguished. 
A natural classification in botan}’ aims to arrange all known plants 
into groups in a scries of grades according to their resemblances, 
and their degrees of roseinblauce, in all respects, so that each 
species, genus, tribe, order, &c., shall stand next to those which 
it most resembles in all respects, or rather in the whole plan of 
structure. For two plants may be very much alike in external 
appearance, yet very different in their pnncipal structure. Arti- 
ficial classifications single out one or more points of resemblance 
or difference and arrange by those, without reference to other 
considerations, convenience an<l facility being the controlling 
principles. The alphabetical an*angement of words in a dic- 
tionary, and the sexual system in botany by Linmeus (or rather 
a part of it), — in which plants arc arranged in classes upon the 
number of their stamens, and in orders upon the number of 
pistils, — are examples of artificial classification. The arrange- 
ment of the words of a language under their roots, and witli the 
derivative under the more primitive forms, would answer to a 
natural classification. 


in the life of the plant, and which thon^forc undergo modification under 
changing conditions. Unessential structures accordingly are left unaltered 
or arc only incidentally modified. And so these biologically unessential 
points of structure, persisting through all adaptive changes, are the clews 
to relationship. Thus, Rubiacese are known by insignificant stipules, Ano- 
nacoss by ruminated albumen, Khamnacese by a yalvate calyx and stamens 
before the petals, &c Paradoxical as it may seem, it is not although, but 
because, they are of small biological importance that they arc of high clas- 
sificatory (t. e, of genealogical) value. 

On considerations like these, characters are divided into adaptivt or hvh 
logical on the one hand, and gemobgiced or genetio on the other. The saga- 
cious naturalist seises upon the latter for orders and the like ; while the 
former are prominent in genera, 
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664. No artificial classification of plants could fail to be 
natural in some portions and some respects; because plants 
'wliicli agree in any point of structure likely to be used for the 
purpose will commonly agree in other and perhaps more impor- 
tant characters. On the other hand, no natural classification can 
dispense with artificial helps ; nor can it express in lineal ordei, 
or in an}" other way, all the various relationships of plants, even 
if these were fully determined and rightly subordinated. Natu- 
ralists now endeavor to make classification as natural as possible ; 
that is, to base it in every grade upon real relationships. What 
real relationships are, and how to express them in a general 
system and throughout its parts, has been the task of the leaders 
in botany from the beginning of the science until now ; and the 
work is by no means completed. 

665. Linnaeus was perhaps the first botanist to distinguish 
clearly between a natural and an aiiifieial classification. lie 
labored ineffectually upon a natural classification of the genera 
of plants into orders ; and he devised an effective artificial classi- 
fication, which became so popular that it practically superseded 
all others for more than half a century, and has left a permanent 
impression upon the science. The last generation of botanists 
who were trained under it has not quite passed away. 

666. ijite-LinnsBan Classification. Linn^us, in his Philosophia 
Botanica, divided systematists into heterodox and orthodox : 
the former, those who classif}" plants by their roots, herbage, time 
of flowering, place of growth, medical and economical uses, and 
the like ; the latter, by the organs of fructification. It is remark- 
able that all the orthodox or scientific classifications anterior to 
Linnaeus made a primary division of the vegetable kingdom into 
Trees and Herbs, referring the larger shrubs to the former and 
the under-shrubs to the latter, — an arrangement which began 
with Theophrastus and was continued by Ray and Tournefort. 

667. The three most important names in botanical taxonomy 
anterior to Linnaeus are those o7Cesalpini, Ray, and Tournefort. 
Scientific botany commenced with the former, in Italy, in the 
latter half of the sixteenth centur}% He first used the embrj"o and 
its cotyledons in classification, distinguished diflTerences in the in- 
sertion of floral parts, and, indeed (excepting the primaiy division 
into trees and herbs) , founded all principal characters upon the 
organs of fructification, especially upon the fruit and seed. 
Conrad Gesner of Zurich had somewhat earlier recognized this 
principle, but Cesalpini first applied it 

668. A century later (1690-99) this principle was carried into 
practice by Rivinus (a name latinized from Bachmann), of 
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Leipsic, in a wholly artificial classification founded on the corolla. 
His contemporary’^ in England, Robert Morison, somewhat earliei 
began the publication of his great work, the Universal History’ 
of Plants. In this was first attempted a grouping of plants into 
what are now called natural orders ; and these were defined, some- 
what loosely, some by their fruit, inflorescence, and flowers, others 
by their stems, the nature of their juice, &c. But the two great 
systcmatists of the time, who together laid the foundations of 
modern scientific botany, were John Ray in England and Joseph 
Pitton de Touniefort in France. 

6G9. Ray’s method of classification was sketched in 1682, and 
was anterior to Tournefort’s, but was amended and completed in 
1703. The leading fault of both was the primaiy division into 
trees and herbs. The great merit of Ray was his division of 
herbs into Flowerless and Flowering, and the latter into Dicotjde- 
donous and Monocotyledonous. These great classes he divided 
and subdivided, by characters taken from the organs of fructi- 
fication, into what we should call natural orders or families, but 
which he unfortunately called genera. He noted the coincidence 
of nerved leaves with the monocotyledonous embryo, although 
he did not notice that his first division of arborescent plants was 
monocotyledonous ; and he had a clear apprehension of genera. 

670. Tournefort’s method was published in French in the 
year 1694, in Latin in 1700. It is more definite but more arti- 
ficial than that of Ray, being founded like that of Rivinus almost 
wholly upon modifications of the corolla, and it overlooked the dis- 
tinction between monocotyledonous and dicotjiedonous embryos. 
Its great merit is that here genera, as we now understand them, 
are first established and defined, and all the species then known 
referi’ed to them ; so that Tournefort was justly said by Linnseus 
to bo the founder of genera. Ray may be said to have indicated 
the primary classes, Jussieu (in the next century) to have estab- 
lished natural orders, and Tournefoit to have given to botany 
the first Genera Plantarum. 

671. Linnsean Classification. Linnaeus, the great reformer of 
botany in the eighteenth century, thoroughly revised the principles 
of classification, established genera and species upon a more scien- 
tific basis, and, in designating species by a word instead of a 
descriptive phrase, introduced binomial nomenclature. (704.) 
lie likewise established for the stamens, and indeed for the 
pistils also, their supreme importance in classification (probabh 
without knowledge of the clear suggestion to this effect made 
by Burckhard in a letter to Leibnitz, printed in 1702) ; theii 
functions, so long overlooked, being now ascertained. He alsc 
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drew a clear and practical distinction between natural and arti- 
ficial classifications (663), and deferring all endeavors to make 
the former available, except for genera, he devised a practical 
substitute for it, as a key to the genera, viz. his celebrated 

672. Sexual System, or arrangement of the genera under arti- 
ficial classes and orders, founded upon the stamens and pistils. 
Although now out of use, this artificial classification has been sa 
popular and influential, and has left so deep an impression upon 
the science and especially upon the language of botany, that it 
needs to be presented. The pnmaiy divisions are the classes, 
twenty-four in number. But the 24th class, Ciyptogainia, con- 
sists of plants which have not stamens and pistils and conse- 
quently no proper flowers, and is therefore the counterpart of the 
remaining twenty-three classes, to which the corresponding name 
of Phanerogamia or, in shorter foim, Phienogamia (Phienogamous 
plants) has since been applied. These twenty-three classes are 
characterized by certain modifications and associations of the 
stamens, and have substantive names, of Greek denvation, ex- 
pressive of their character. The first eleven comprise all plants 
with perfect (i. e, hermaphrodite) flowers, and with a definite 
number of equal and unconnected stamens. They are distin- 
guished by the absolute number of these organs, and are desig- 
nated by names compounded of Greek numerals and the word 
andna (from awje)? which is used metaphorically for stamen, as- 
follows : — 

Class 1. Monandkia includes all such plants with one stamen to the flower; 
as in Hippuris. 

2. Diandria, those with two stamens, as in the Lilac. 

8. Triandria, with three stamens, as in the Valerian and Iris. 

4 Tbtrandria, with four stamens, as in the Scabious. 

6. Pbhtandria, with five stamens, the most frequent case. 

6. Hexandria, with six stamens, as in the Lily Family, &c. 

7. Hbptandria, with seven stamens, as in iroraechcstnnt. 

8. OcTAiTOEiA, with eight stamens, as in Evening Primrose and Fuchsia. 

9. Ennbanbria, with nine stamens, as in the Khuharb. 

10. DECAmDRiA, with ten stamens, as in liliododendron and Kalmia. 

11. Bodbcandria, with twelve stamens, as in Asarum and the Migno- 

nette; extended also to include those with from thirteen to nine- 
teen stamens. 

673, The two succeeding classes include plants with perfect 
flowers having twenty or more unconnected stamens, which, in 

12. loosANDRiA, are inserted on the calyx (perigynous), as in the Rose- 

Family; and in 

13. PoLYANURiA, on the receptacle (hypogynous), as in the Buttercunu 

Anemone. &c 



BOTANICAL CLASSIFICATION. 


674. Their essential characters are not indicated byl 
names : the former merely denoting that the stamens are 
in number ; the latter, that they are numerous. — The ‘ 
lowing classes depend upon the relative length of the staij 
namely ; — 

14. DinYNAMiA, including those with two long and two short st^ 

as in the majority of flowers with bilabiate corolla 

15. Tetradynamia, those with four long and two short stamensj 

flowers with cruciferous corolla. 

675. These names signify’ in the former that two stamend 
in the latter that four stamens, are most powerful. — The 
succeeding are founded on the connection of the stamens, ’ 

16. Monadelpuia (meaning a single fraternity), with the 

united m a single set, tube, or column, as in the Mallow. 

17. Diadelpuia (two fraternities), with the filaments united 

sets or parcels, as m Corydalis and in many Leguminosss 

18. PoLYADELPHiA (many fraternities), with the filaments 

more than two sets or parcels, as in Hypericum. 

19. Synoenesia (from Greek words signifying to grow tog 

with the anthers united in a rmg or tube, as in the Sun| 

and all Oompositss. 

676. The next class, as its name denotes, is founded < 
union of the stamens to the style : — 

20. Gynandria, with the stamens and styles consolidated, as in | 

pedium and all the Orchis Family 

677. In the three following classes, the stamens and 
occupy separate blossoms : — 

21. Moncecia (one household) includes all plants where the sh 

and pistils are in separate flowers on the same individual ; , 

the Oak and Chestnut 

22. Dkbgia (two households), where they occupy separate flowd 

different individuals ; as in the Willow, Poplar, Moonseed, | 

23. PoLYOAMiA, where the stamens and pistils are separate : 

flowers and associated in others, either on the same or 

three different plants j as in most Maples. 

678. The remaining class is essentially flowcrless ; or rat 
Cleans of reproduction are more or less analogous to, 
homologous with, stamens and pistils. But, although 
suspected a sexuality in Ferns, Mosses, Algae, &c., there j 
proof of it in his day. So he named the class, containing 

24. Cryptogam! A, meaning clandestine marriage, the sexes, if i 

hidden from view. 

679. The characters of the classes may be presented j 
Tiew, as in the subjoined table ; — 



SYNOPTICAL VIEW OP THE LINN^AN CLASSES. 




tihe stameBB and pistils concealed, or none 
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680. The orders, in the first thirteen classes of the Linnaean 
artificial system, depend on the number of styles, or of the 
stigmas when the styles are wanting ; and are named by Greek 
numerals prefixed to the woixi gyuia^ used metaphorically for 
pistil, as follows : — 

Order 1 Monogtnia, those with one style or sessile stigma to the flower. 

2. Digtnia, those with two styles or sessile stigmas. 

3. Teigynia, those with three styles. 

4 Tbtragtnia, those with four styles. 

6. Pbntagtnia, those with five styles. 

6 Hexagyeia, those with six styles. 

7. Hbptagynia, those with seven styles. 

8. OoTOGYNiA, those with eight styles. 

9. Ennbagynia, those witli nme styles 

10. Dbcagynia, those with ten styles. 

11 JDodecagynia, those with eleven or twelve styles. 

12. PoLYGYNiA, those with more than twelve styles. 

681. The orders of class 14, Didynamia, are only two and are 
founded on the pericarp, namely : — 

1. Gymnospebmia, meamng seeds naked, the achenia-like fruits of a 

4-parted pericarp having been taken for naked seeds. 

2. Angiospeemia, with the seeds evidently in a seed-vessel or peri- 

carp, i, e the pericarp undivided 

682- The 15th class, Tetradynamia, is also divided into 
two orders, which are distinguished merely by the form of the 
pod: — 

1. SiLioiTLOSA; the fruit a silicle (501), or short pod. 

2. SiXiiQUOSA; fruit a sihque (561), or more or less elongated pod. 

683. The orders of the 16th, 17th, 18th, 20th, 21st, and 22d 
classes depend merely on the number of stamens ; that is, on the 
characters of the flLrst thirteen classes, whose names they likewise 
bear: as Monandbia, with one stamen, Diandeia, with two 
stamens ; and so on. 

684. The orders of the 19th class, Syngenesia, are six, namely ; 

1. PoLTGAStiA AQUALis, where the flowers are in heads (the socalled 

compound flower), and all hermaphrodite. ’ 

2. PoxiYGAMXA SUPEEPLUA, the Same as the last, except that the rays, 

or margmal flowers of the head, are pistillate only. 

3. PoLYGAMiA FEtrsTEANBA, those with the marginal flowers neutral, 

the others perfect 

4 PoLYGAKiA BECESSABXA, where the marginal flowers are pistillate 

and fertile, and the central staminate and sterile. 

5. PoLYGAMiA SEGEEGATA, where each flower of the head [or glom* 

erule] has its own proper involucre. 

6. Movogamxa, where solitary flowers (that is, not united Intp a head) 

have united anthers, as in Lobelia. 



888 


TAXONOMY. 


685. The 23d class, Polygamia, has three orders, two of them 
founded on the characters of the two preceding classes and 
hearing their names, and the third named upon the same prin- 
ciple, namely : — 

1. MokcsgiAj where both separated and perfect flowers are found in 

the same plant 

2. BiosoiA, where they occupy two different plants 

8. Tricbcia, where one individual bears the perfect^ another the stami- 
nate, and a third the pistillate flowers. 

686. The orders of the 24th class, Cryptogamia, the Flower- 
less Plants, are so many natural orders, and are not definable 
by a single character. They are : — 

1. FiLiCES^ the Perns. 

2. Musoi, the Mosses. 

8 AjLQtM, which, as left by Lmnseus, comprised the Hepatlcse, Lichens, 
&c , as well as the seaweeds. 

4. PuNGi, Mushrooms, &c. 

687. In its day, this artificial system well fulfilled its purpose, 
and was preferred to all others on the score of facility and defi- 
niteness. Now no. botanist would think of employing it, nor 
would it be chosen for a key to genera, which was its only legiti- 
mate use. 

688. The Natural System was rightly appreciated by Linnseus, 
who pronounced it to be the first and last desideratum in syste- 
matic botany ; and he early attempted to collocate most known 
genera under natural orders (e. g. Piperit^e^ Palmes^ ScitamimB^ 
Orchide€By Amentacecs^ &c., sixty-seven in number, including his 
four ciyptogamic orders) , but without definition or arrangement. 
In his later years, he was unable to accomplish any thing more. 
The difficult problem was taken up by Linnaeus’s contemporary 
and correspondent, Bernard de Jussieu, who planted the botanic 
garden at Trianon with plants grouped into natural orders, but 
published nothing. His pupil, Adanson, who when a young 
man lived for several years in Senegal, and who was as remark- 
able for eccentricity as for erudition and ability, published in 
1763, in his Families des Plantes, the first complete system of 
natural orders. But he seems to have taken little from his 
teacher, and with all his genius to have contributed little to the 
advancement of the natural system. 

689. Antoine Laurent de Jussieu, nephew of Bernard, has 
been called the founder of the natural system of botany, and to 
him more than to any other one person this honor may be 
ascribed. In his Genera Plantarum secundum Ordines Natu- 
rales disposlta, 1789, natural orders of plants, one hundred 
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in number, were flbrst established and defined by proper char- 
acters, and nearly all known genera arranged under them. His 
primary division of the Vegetable kingdom was into Acotyledones^ 
Monocotyledones^ and IHcoiyledones^ adopted from Ray, with a 
change which was no improvement. For his Acotyledones, the 
Cryptogamia of Linnaeus, are the “plants without flowers” of 
Ray : they are, to be sure, destitute of cotyledons (though not in 
the manner of Cuscuta) , because destitute of embryo altogether. 
The Acot^dedones forming his first class, Jussieu divided the 
Monocotyiedones into three classes upon single and aitificial 
characters, namely upon the insertion of the stamens, whether 
hypogjmous, perigynous, or epigynous ; and the Dicot^dedones, 
into eleven classes on similar characters, preceded hj a division 
into Apetala^ Monopetalce^ Polypetalm^ and Diclines irregulares^ i. e. 
first upon the character of the perianth, then upon the insertion 
of the stamens or in Monopetalse of the corolla. The following 
is the scheme ; — 


Acotyledones 


CnASB I 


Monocotyiedones 


Dicotyledones . 


Apetalous 




f Stamens hypogynous 11. 

J perigynous HI. 

I epigynous IV 


Stamens epigynous V. 

perigynous VL 

nypogyuous Vn. 


Monopetalous 


Polypetalous . 

Diclinous (also Apetalous) 


Corolla hypogynous VUI. 

perigynous IX. 

epigynous : anthers connate X- 
( epigynous ; anthers separate XI. 

{ Stamens epigynous XII. 

hypogynous .... XHI. 
perigynous ... . XIV. 


XV. 


690. Auguste Pyrame DeCandolle was the next great syste- 
matist. Reversing the order of Jussieu, who proceeded from the 
lower or simpler to the higher or more complex forms, DeCan- 
dolle began with the latter, the phsenogamous or flowering plants, 
and with those having typically complete flowers. On account 
of its convenience and the greater facilities for studjing the higher 
plants, this order has been commonly followed ever since. His 
primary division on anatomical structure, into Vascular and 
Cellular plants, was a backward step, confhsing a portaon of the 
lower series with the higher ; and the duplicate names of iSw>- 
gmm and JEkdogence^ appended to Dicotyledonese and Monooo- 
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lyledonese, as it now appears should have been omitted. The 
grades of the CandoUean S 3 ’stem superior to the orders, in their 
final form, are mainly these : — 

Div. L VASCULAR (more properly PELENOGAMOUS) PLANTS. 

Class L Dioottledonotjs or Exoobnottb. 

Subclass 1. Thalamiflorous : petals (distinct) and stamens on the 
torus, i e. free. 

n Caltgiflorous . petals (distinct or coalescent) and 
stamens adnate to the calyx. 

m. CoBOLLiFLOROUs petals (mostly coalescent) not ad- 
nate to calyx, bearmg the stamens 

IV. Morochlahtdeous : petals wanting. 

Class H. Monocottledonous or Endogenous (No subclasses.) 

Div H. CELLULAR (more properly CRYPTOGAMOUS) PLANTS. 

Class 1. JSthbogamous . with sexual apparatus, and 
Vascular tissue. (Eqmsetacem-FiLices ) 

Only cellular tissue (Musct and HepaticcB,) 

Class n AupHiGiJious : destitute of sexual organs and of other than 
cellular tissue (Lichmes, Fungi, Alga ) 

691. Ciyptogamous plants of all orders are now known to be 
provided with sexes ; and the Jussiman divisions of the Dico- 
tyledones into Apetcda (including Diclines), Mbnopetalas^ and 
Polypetala^ are generally preferred to those of DeCandoUe. Into 
the present views of the classification of the Cryptogamia it is 
unnecessary here to enter. Their general arrangement into 
classes, &o., is not yet well settled, and the whole taxonomy 
of the lower Cryptogams is at present in a state of transition. 

692. John Lindley in successive attempts (between 1830 and 
1845) variously modified, and in some few respects improved, 
the CandoUean arrangement But, as neither his groupings of the 
natural orders nor the new classes which he adopted have been 
approved, his schemes need not be here presented. He must be 
credited, however, with the first attempt to carry into effect a 
suggestion made b^’' Brown, that the orders should themselves 
be disposed as far as possible into superior and strictly natural 
groups. In Lindley’s first attempt, such groups of two grades 
were proposed, the lower caUed nixus (tendencies), the higher 
cohorts. In his later and lajgest work, The Vegetable King- 
dom, these were reduced to one, and the name of alliance was 
coined. But this word has no good Latin e< 3 [uivalent, and the 
term cohort {cohors) is prefiBited. 
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693. Robert Brown, next to Jussieu, did more than any other 
botanist for the proper establishment and con’ect characterization 
of natural orders. Having in the year 1827 published his dis- 
coveiy of the g 3 "mnospcrmy of Coniferse and Cycadacese, it 
was in Linclley’s works that this was first turned to proper 
sj’stematic account by dividing the class of Dicot^dedonos into 
two subclasses, the AngiospermtB and the Gymnospermoi. The 
latter has been elevated hy the vegetable palaBontologists to the 
rank of a class. 

694. Stephen Ladislaus Endlicher, of Vienna, a contempo- 
TBxy of Lindley, of less botanical genius, but of great erudition 
and aptness for classification, brought out his complete Genera 
Plantarum secundum Ordines Naturales disposita, between tlie 
years 1836 and 1840. This elaborate work follows that of its 
predecessor, Jussieu, in beginning with the lower series of plants 
and ending with the higher. Its primary division is into two 
regions: 1. ThaRophyla^ plants without proper axis of growth 
(developing upward as stem and downwai*d as root) , no other 
tissue than parenchyma, and (as was thought) no proper sexes. 
This answers to the lower or Amphigamous Cellular plants of 
DeCandoUe. 2. Oormophyta^ plants with an axis (stem and root), 
with foliage, &c. The Cormoph 3 ’’ta, or plants of the higher 
region, Endlicher divided into three great sections: 1. Acro-^ 
brya^ answenng to the higher -^Bthcogamous Crj^pt^gamia of 
DeCandoUe, with which was wrongly associated a group of root- 
parasitic flowering plants (the Rhizanthem) which were fancied 
to bear spores instead of embryo in their seed ; 2. Amphibrya^ 
which answer to Monocotyledones ; and, 3. Acramphibrya^ which 
answer to Dicotyledons. These last contain five cohorts: 1. 
Gymnospermem ; 2. Apetalne; 3. GamopetaLce (the Monopetalie 
of Jussieu better named) ; 4. DiciLype,td<B (the Polypctalm of 
Jussieu, &o.). The cohort in EndlichePs classification, it will 
be seen, is a higher grade than that to which this name was 
applied by Lindley in the more recent use. For the latter, L e. 
for the grade between these and the order, Endlicher employed 
the name of class. 

695. FinaUy, the Genera Plantarum, now in course of pub- 
lication by Geoigc Bentham and Joseph Dalton Hooker, adopts 
in a general way the Candollcan sequence of orders, with vari- 
ous emendations ; divides the class of Dicotyledons into two sub- 
classes, Angiospermous and Gymnospermous ; the former into 
the Polypetalous, Gamopetalous, and Apetalous divisions ; and 
the first of these into the Tbalamiflorous, Disciflorous, and Qaly- 
dflorous series (the middle one composed of the latter pari 
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of DeCandoUe’s Thalamiflorfle with some of his Caljciflorse) ; 
and under these the orders are arranged in cohorts, — fifteen 
cohorts in the Poljpetalse, and ten under three “ series ” in the 
Gamopetalse. The remainder of this particular classification 
has not yet apx 3 eared in print, although partly sketched by its 
authors. It will generally be adopted in this counti^", with some 
occasional minor modifications. 

696. Various modifications have been from time to time pro- 
posed. One of the best of them in principle is that initiated by 
Adolphe Brongniart and adopted by many European botanists, 
which, recognizing that most apetalous flowers are reductions or 
degi-adations of polypetalous types, intercalates the Apetalse or 
Monochlamydese among the Pol^Tpetalfle. But this has never yet 
been done in a satisfactory manner, or without sundering orders 
which should stand in contiguit}". 

697. It should be borne in mind that the natural system of 
botany is natural only in the constitution of its genera, tribes, 
orders, &c-, and in its grand divisions ; that its cohorts and the 
like are as yet only tentative groupings ; and that the putting 
together of any or all these parts in a system, and especially 
in a lineal order, necessary as a lineal arrangement is, must 
needs be largely artificial. So that even the best perfected 
arrangements must always fail to give of themselves more than 
an imperfect and considerably distorted reflection of the plan of 
the vegetable kingdom, or even of our knowledge of it.^ 


1 In the first place, the relationships of any group cannot always be 
rightly estimated before all its members are known and their whole struct- 
ure understood ; so that the views of botanists are liable to be modified with 
the discoveries of every year. The discovery of a single plant, or of a point 
of structure before misunderstood, has sometimes changed materially the 
position of a considerable group in the system, and minor alterations are 
continually made by our increasing knowledge Then the groups which we 
recognize, and distinguish as genera, tribes, orders, &c., are not always, and 
perhaps not generally, completely circumscribed in nature, as we are obliged 
to assume them to be in our classification This might be expected from 
the nature of the case. For the naturalist's groups, of whatever grade, are 
not realitieSy but ideas. Their consideration involves questions, not of things, 
between which absolute distinctions might be drawn, but of degrees of resemr 
hUmce, which may be expected to present infinite gradations. Besides, al- 
though the grades of affinity among species are most various, if not wholly 
indefinite, the naturalist reduces them all to a few, and treats his genera, 
tribes, &c , as equal units, or as distinguished by characters of about equal 
value throughout, — which is far from being the case. And in his works 
he is obliged to arrange the groups he recognizes in a lineal series ; but 
each genus or order, &c , is very often about equally related to three or four 
others . so that only a part of the relationship of plants can in any way be 
indicated by a lineal arrangement 
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698. Even the great classes cannot be arranged in a single 
lii^e, beginning with the highest Phsenogams and leaving the 
lowest in contiguit}” with the higher Cr^^ptogams. The Dicoty- 
ledons take precedence of the Monocotyledons in rank. Yet a 
part of them, the Gymnosperms, are much the lowest of all 
known Phsenogams as regards simphcity of floral structure ; 
and through them only is a connection with the higher Cryp- 
togams to be traced. The Monocotyledons stand upon an iso- 
lated side line, and have no such simplified representatives. 
In placing the latter class between the Dicotyledons and the 
Acrogcns, the chain of aflfinities is widely" sundered. If, 3rield- 
ing to a recent tendenc}', we raise the Gymnosperms to the 
rank of a class, and place it between the Monocotyledons and 
the Acrogens, then the much nearer relationship of Gy^mno- 
sperms to Angiosperms through Gnetacem and Loranthaceje is 
not respected. (606, <fec.) 

699. Nor can the angiospermous Dicotyledons be disposed 
lineally accoi-ding to rank. The apetalous and achlamydeous 
must be the lowest. Some are evidently' reduced forms of Poly- 
petalm or even of Gamopetalse : the greater part cannot without 
violence be thrust into their ranks. The Gamopetalse, especially 
those with much floral adnation, should represent the highest 
type, the organs being at the same time complete and most dif- 
ferentiated from the foliar state. If a natural series could be 
formed, these would claim the highest place, with the Composito 
perhaps at their head. In the Candollean sequence, they occupy 
the middle ; and the series begins, not without plausible reason, 
with orders having generally complete blossoms, and such as 
most freely and obviously manifest the homology of their organs 
with leaves, then rises to those of greater and greater combi- 
nation and complexity, and ends with those plants which, with 
all their known relatives, arc most degraded or simplified by 
abortions and suppressions of parts which are represented in the 
complete flower. These are low in stntcture, equally whether 
we regard them as reduced forms of higher tyTes, or as forms 
which have never attained the full development and diversifica- 
tion which distinguish the nobler orders. 

700. Actual classifications, in their leading features and in 
their extension to the cohorts, orders, &o., must be studied in 
the systematic works where they are brought into use. In 
these are the applications of the principles which are here 
outlined. A separate volume of this text-book should illustrate 
the structure, relations, and most important products of the 
phsenogamous natural orders, as another is to illustrate the 
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ciyptogamous orders. A synoptical view of the great divi- 
sions only, as at present received and named, is appended. 
Definitions and characters may be sought in the present and 
preceding chapters. 

SEMES L PHJENOGAMOUS OR ELOWERING PLANTS. 

Class I DICOTYLEDONS 

Subclass I ANGIOSPERMS. 

DlV, 1 POLYPBTALOUS 

Div 2 Gamopetalous {Mimapetalxm.) 

Dtv 8. Apetalous 

Subclass II GYMNOSPERMS. 

Class n MONOCOTYLEDONS. 

Div, 1. Spabicbous. 

Div 2 Pbtaloidbous. 

Div, 3 Gluhageous. 

SERIES n. CRYPTOGAMOUS OR PLOWERLESS PLANTS. 

Class m ACROGENS. 

Div 1. Vascular (Ferns and their allies ) 

Dtv. 2. Cellular (Mosses and Liverworts.) 


Class IV. THALLOGENS OR THALLOPHYTES. 
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CHAPTER X. 

PHYTOGEAPHY. 

Section I. Nomenclature. 

701 . Phytographt is the department of botany which relates to 
the description of plants. This includes names and terns, also 
jfigures and signs, as well as characters and detailed descriptions. 
It comprises two sorts of names, one used to designate organs 
or modifications of organs, the other to distinguish plants or 
groups of plants. The former is Glossology or (to use the more 
common but less proper word) Terminology. The latter is prop- 
erly Nomenclature. 

702. Names of Plants were at first onl}’’ generic names. The 
language of botany being Latin, and the plants which the old 
herbalists knew being mostly European, their scientific names 
were mainly adopted from the ancient Romans or, through Latin 
literature, from the Greeks. Ex. Quereus^ Prunus^ Rosa^ Ruhus^ 
Trifolium ; and of Latinized Greek names, Agimtis^ Aristolochia^ 
Oolchicum^ Melilotus. To thfe classical names others were 
added from time to time ; as, from the Latin, Bidens^ OonvaUaHa^ 
Dentaria ; from the Greek, Anacardium, Olycyrrhiza^ Loranihus^ 
&c. Some barbarous or outlandish names were early adopted, 
such as Alhagi from the Arabs, and Adhatoda and Nelumho from 
India. These are mostly such as were or could be conformed to 
Latin ; as Datura and Rihes from the Arabic, and later Thcea and 
Cojfcea. Of Amenoan aboriginal names, Hura^ Guaiacum^ and 
Tucca are examples. Some ancient names of plants commem- 
orated distinguished men. Ex. Aschpias^ EnphorUa^ Lysimachia^ 
Pceonia. Toumefort and his contemporaries resumed this 
practice, and named plants in memory or in honor of distin- 
guished botanists. Ex. Begonia^ Bignonia, Ocesedpinia^ Fuchsia^ 
Gerardia^ Lobelia., Lonicera., Magnolia. 

703. When among plants of the same name or kind different 
species were known, these were distinguished by annexed epi- 
thets. For example, among the Pines there were : Pinus sylr 
vestris, vulgaris ; Pinm $ylvestris.t montana dJdera ; I^nuz syh$stri$.t 
montana teriia ; Pinus sylvestris maritima^ eonis jirmiter ramU 
adharentihus ; Pinus maritima minor ; Pinus maritima altera^ 
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And as the number of known species increased, so did the 
length of the phrases which were needed for their discrimina- 
tion. These “ differentise,” thus used as specific names (the 
nomina specified of Linnaeus), became extremely cumbrous. It 
was about in the middle of his career that Lmnaeus suggested 
what he called trivial names {nomina trivialia) for the specific 
name, consisting of a single word; and in the Species Plan- 
tarum, in 1753, he carried this idea into full eifect in Botany. 
The step was a simple one, but most important ; and Linnaeus 
himself, who generally did not underrate his services to science, 
seems hardly to have appreciated its practical value.^ 

704. The Binomial Nomenclature in Natural History, thus 
established, fii*st separated the name of a plant or of an animal 
from its diagnosis, descriptive phrase, or character, and reduced 
the appellation to two words, the first that of its genus, the sec- 
ond that of its species. The generic name very nearly answers to 
the surname of a person, as Browti or Jones ; the specific answers 
to the baptismal name, as John or James. Thus, Quercus alba is 
the botanical appellation of the White Oak ; Quercus being that 
of the genus, and alba (white) that of a particular species ; while 
the Red Oak is named Quercus rubra ; the Scarlet Oak, Quercus 
coccinea; the Live Oak, Quercus virens ; the Bur Oak, Quercus 
macrocarpa : Magnolia grandiflora is Large-flowered Magnolia ; 
M. macrophyUa., Long-leaved Magnolia, and so on. The name of 
the genus is a substantive, or at least is a word taken as a substan- 
tive. That of a species is mostly an adjective adjunct, always 
following the generic name and in the same gender.® This com- 
bination of generic and specific name is the name of the plant.® 

705. By this system, not only is the name of the plant reduced 
to two words, but a comparatively moderate number of words 
serves for the complete designation of more than 120,000 plants,^ 


^ Moreover, he may be said to have adopted rather than originated the 
idea ; for single-worded specific names were used half a century previous 
by Bachmann, alias Eivinus. 

^ It is to be noted tliat the classical Latin names of trees are all feminine; 
therefore Quercus alba, Pmus rigida, &c. 

* The name of a subgenus is sometimes written in between the two parts 
of the plant's name, as Prunus (Padus) Vtrgmana. This is the name of the 
plant and something more. In addition to the name of the species, that of 
the variety or even subvariety is sometimes added. 

* Alphonse DeCandoUe several years ago estimated the known species of 
riowering Plants at between 100, CKX) and 120,000. The larger number may 
perhaps include the higher orders of the Flowerless series. In the present 
state of our knowledge of the lower orders of Cryptogams, no close estimate 
can be well formed of the actual number of species. 
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in a manner which avoids confhsion and need not overburden the 
memory. The generic part of the name is peculiar to each 
genus. The specific adjunct is not available for more than one 
species of the same genus, but may be used in any other genus. 
They are so widely thus employed that the number of specific 
may not exceed that of generic appellations. 

706. To render this system of nomenclature most serviceable 
for the ready identification of such numbers of plants or groups, 
and for the clear and succinct presentation of or reference to 
what is known and recorded of them, rules are indispensable, 
and conformity to admitted rules is a mamfest duty. Such rules 
were systematically formulated first b}' Linuseus, in his Funda- 
menta, Critica, and Philosophia Botanica, chieflj" for generic 
names, some of them being of the nature of laws, some rather of 
recommendations. The most important of them remain in full 
force, while many of the more particular rules restricting the 
choice of names have been abandoned. The code was judi- 
ciously revised (in his Theorie Eldmentaire) by DeCandolle 

who was ruled by the idea of having the law of priority prop- 
-erly respected,” was critically considered by Lindley in his In- 
xroduction to Botany, and has of late been reformulated by 
Alphonse DeCandolle under the sanction of a Botanical Congress 
held at Paris in 186 7. ^ 

707. Bales for Naming Plants. These “should neither be 
arbitrary nor imposed by authority. They must be founded on 
considerations clear and forcible enough for every one to com- 
prehend and be disposed to accept. The essential point in 
nomenclature is to avoid or to reject the use of forms or names 

‘ Lois de la Nomenclature Botanique, etc., Geneva and Pans, 1867. In 
•tbe English edition, translated by Weddell * Laws of Botanical Nomenclature 
adopted by tbe Intonmtional Botanical Congress bold at Paris in August, 
1867, together with an Historical Introduction and a Commentary, London, 
Reeve & Co , 1868. Tbe Laws, simply, were reprinted in tbe American Journal 
of Science and Arts, J uly, 1 868. A few special points have boon more recently 
discufl8<‘d by various critics, eapecially in the Bulletin of tbe Botanical Society 
of France, and in that of the Royal Botanical Society of Belgium. See like- 
wise American Journal of Science and Arts for September, 1870, and August, 
1877 ; also, Bentbam in Journal of the Linnean Society, xvii. 180-198, in which 
a just distinction is indicated between changing a well-eatabUsbcd name and 
giving a new name to a new plant. See American Journal of Science for 
April, 1870 

Mention should also be made of Strickland's Report of a Committee on 
Nomenclature to the British Association in 1842, of Agassiz's classical preface 
on tbe nomenclature of genera in his Nomenclator Zoologicus, and of Dali's 
thorough and well-digested Report of the Committee on Zoological Nomen. 
clature to the American Association for the Advancement of ^ence, 1877, 
— these dealing primarily with zoology. 
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that may create error or ambiguity, or throw confhsion into 
science- Next in importance is the avoidance of any useless 
introduction of new names. Other considerations, such as 
absolute grammatical correctness, regularity or euphony of 
names, a more or less prevailing custom, respect for persons, 
&c., notwithstanding their undeniable importance, are relatively 
accessory.’ (Alph. DeCandoUe, 1. c.) 

708. The following are universal rules in scientific nomen- 
clature : — 

1- Names must be in Latin or be Latinized. Those from the 
Greek (which are more and more abundant, owing to the facility 
of this language for compounding) take Latin form and termina- 
tion.^ Those from modem or other than classical languages 
should at least have a Latin termination.^ Hybrid names, 
namely, those formed by the combination of two languages (at 
least of Latin and Greek), should not be made.® 

2. For each plant or group there can be only one vahd name, 
and that alwa^^s the most ancient, if it is tenable. 

3. Consequently, no new name should be given to an old plant, 
or group, except for necessity. That a name may be bettered 
is no valid reason for changing it. 

709. lifameB of Genera are substantive and singular, of one 
word ; and the same name cannot be used for two genera of 
plants.^ They may be derived from any source whatever, from 


1 Thus, words ending with the Greek o$ generally change it to us, and with 
on to WOT. A rule not always observed ; for while we have Epidendrum and 
Oxydendrum, Linnaeus himself variously wrote Linodendrum and Linodendron, 
Bhododendmm and Bhododmdron ; and the Greek form now prevails. 

3 In this as in other cases, some exceptions are well established by 
custom, but they ought not to be extended. The rule as to Latinization is 
restricted as respects orthography by the necessity of preserving modem 
commemorative names in a recognizable form. 

® But we cannot change numerous old names for this fault, such as conr 
vohjvJoides, fimarfotdes, rantmculojdes, and scirpoides (though they ought Uy 
have been convdirdma, ranunadina, and mrpina ) ; and modem botanists have 
not scrupled to append the expressive and convenient Greek term -oides (sig- 
nifying likeness) to generic names not of classical origin Ex abutihides, 
bixoides, davallioides, fiichswides, qenliavmdes, loheliotdes, toumefortmdes. In Eng- 
lish, some hvbrids will perpetuate themselves, as for instance terminology, 
centimetre, mUlimetre, heaurocracy, &c 

* Very many, indeed, are adjectives used as substantives, as ArenaHa, 
Clavana, Saponaria, Tmpafiens, Trientcdis, and even Gloriosa, Mxrahilis, &c. 

Some two-worded generic names anterior to linnasus, such as Dens Leonis,. 
Vitis Tdeea, Bursa Pastoris, remain for sections and species, but not for gen- 
era. When two words are confluent into one, they are not objectionable, 
as ZavTocerasus, Carlemania (commemorating Charles Leman, Carolus Le- 
manus), &c. 
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prominent or peculiar character or appearance, from localities, 
from the names of persons (especiall}" of discoverers), from 
indigenous or vulgar names, or even from arbitrary combina- 
tions of letters. Unmeaning names, if not in principle the best, 
are never misleading. The mam requisite is that they should 
be euphonious, not too long, and that they should be adaptable 
to the Latin tongue. Characteristic names, when possible, are 
among the best ; such as Sauguinaria for an herb with red juice, 
Hmmatoosylon for the Logwood tree, Lithospermum for a plant 
with stony seeds (or seeming seeds) , Myomrm for a plant with 
gynoecium resembling the tail of a mouse. Names of this sort 
do not always hold out well ; for Ghrysanthemvm^ so called from 
its golden yellow blossoms, now has man}^ white-flowered species, 
Polygala is wholly destitute of milk, and many species of 
volvulus do not twine. Neat anagrams are not bad, such as 
Brown’s TelUma for a genus nearly related to Mxtdla, Personal 
generic names are wholly proper when dedicated to botanists, 
especially to the discoverer of the plant, or to other naturalists, 
or to persons who have furthered botanical investigation or 
exploration. Ancient names of this kind have been mentioned, 
also some of those which commemorate the earlier botanists. 
(702.) At present, almost every devotee of the science is thus 
commemorated, from Linnmus and Jussieu downward. In 
forming such names, the name of the person, cleared of titles 
and accessory particles (thus Candollea^ not DecandoUea) , takes 
the final -a or and becomes feminine ; and its orthography is 
preserved as far as possible, making only necessary concessions 
to euphony and to the genius of the Latin langxiage.^ 


The Linnaean canon forbade the use of the same genenc name in botany 
and zoology, — a rule now impossible to maintain. Perhaps we cannot pre- 
vent the duplication of phsenogamous names in tlie lower Cryptogamia. 

1 Tlius, we may write l^curia instead of Lesquereaxia^ although Midmana 
is the form for the genus dedicated to MichauX; however pronounced. The 
genus dedicated to Strangways is written Stranvcesia (although Strangwaysia 
might have been tolerable) ; to Andrzeiowsky, Andreoskia ; to Leeuwenhoek, 
LevenkooMa (although the elder DeCandolle restored all the vowels), &c. 
As specimens of overdone simplification, there is Gundelia^ named for Gun- 
delsheimer, and Goodema, named for Bishop Goodenough, although Ghmdek- 
heimra would not in these days be objected to, and Goodenovia is faultless. 
Yet the names having been so introduced into the science should remain, 
fixity being of more importance than perfection. Mistaken orthograplug 
of tlie name itself may, however, be set right. Brawn's Lechmavltia is 
chenatdtia, NuttaU's Wisteria (named after Dr, Wistar) is TW 

rple laid down in the code as drawn up by Alphonse DeCibdoUe is: 
“ When a name is drawn from a modem language, it is to be maintained 
just as it was made, even in the case of the spell^g having been misunden- 
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710. The etymology of a new genus should always be given. 
Of the Linnsean restiictions, one holds, viz. that the names of 
genera are not to end in •‘Oides^ as many of the older names did. 

711. Names of Species are commonly and b}' preference adjec- 
tives, agreeing with the name of the genus, and expressive of 
some chai-acter, habit, mode or place of growth, time of flower- 
ing, or commemorating the discoverer, first describer, or some 
one otherwise connected with its history. Thus, in the genus 
Ranuncvlus^ R- hulhosus is named from the bulb-like crown or base 
of the stem ; R. acris^ from the acridity of the juice ; R, seek- 
Totus (the accursed), in reference to the same property ; J?. repens^ 
from the creeping habit of the stems ; jR. pusilltts^ from general 
insignificance ; R. aquatzlis, from its growing in water ; E, ni- 
valis^ from living near eternal snow ; R* Pennsylvanicus, from 
country" or State whence it was first made known to botanists ; 
R, Bonphndianusy in honor of Bonpland, one of the discoverers ; 
and so on. More commonly, when a discoverer or investigator 
of a species is commemorated in the name, this is a substantive, 
in the genitive, as Ranunculus NuttaUii^ i. e. the Ranunculus of 
Nuttall, instead of R. Ruttallianus, the Nuttallian Ranunculus. 
Yet the latter form is preferred when the species is named in 
honor of some one who did not discover nor treat of it (which 
should seldom be) ; but this distinction is a custom rather than 
a rule, and the form of the commemorative name may be settled 
by euphony or convenience. In any case, the personal name 
should have a capital initial. 

712. Many specific names are substantives, occasionally a 
common substantive, as SieUaria nemorum (of the groves) , Oon^ 
volwhis sepium (of the hedges), Cassia pumilio (the dwarf) ; 
more commonly it is a substantive proper name, and this usu- 
ally an old generic name reduced to that of a species. Ex. 
Ranunculus Fhmmula^ R, Tkora^ and jB. Oymbalaria ; also Lirio- 


stood by the author, and justly deserving to be criticised.” But this is 
somewhat too absolute, since it is allowed that obvious errors in the con- 
struction of names of Latin or Greek derivation may be corrected, provided 
the change does not affect the initial letter or syllable, and that no ancient 
names are to be disturbed. 

The clause that forbids changes in the orthography of ancient names, 
even to make them classical, is a very proper one. The botanical Latin 
of Toumefort, Linnssus, Jussieu, and their contemporaries, has by pre- 
scription rights which botanists are bound to respect. Wherefore Pyrm 
is the botanical name of the pear-tree, notwithstanding the classical Pints, 
So as a specific name for a smooth plant (and as distinguished from 
liSviSf^^ light or slight one), is fixed by long botanical use, although only 
kins is classical ; and it is unnecessary to change Eanmculus acris to R. acer. 
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dendron Thlipifera, Rhus Toxicodendron^ Dictamnus FraadneVa. 
These proper specific names take a capital initial letter.^ Rarely 
such a name is in the genitive ; as Heterotheca Okrysopsidis^ mean- 
ing a species of Heterotheca with the aspect of a Chrysopsis. 

713. Specific names should be of a single word. Some few 
are compounded, as purpureo-ceeruleum ; and some of ancient 
origin (once quasi-generic) are of two words. Ex. Panicum 
Crmgalli^ Oapsella Bursa pastoris^ Taraxacum Dens leonis. 

714. A specific name cannot stand alone. It is nothing 
except as connected with the genus to which it pertains. A 
Japonica by itself is wholly meaningless. A plant is named by 
the mention of its generic appellation followed by the specific. 

715. Names of Varieties. These are in all particulars like 
specific names. Many are specific names reduced to a lower 
rank. The varietal name is written after the specific, thus: 
Ranuncvius Mammula^ var. reptans^ and R. aguati/is^ var. tricho- 
phyUus, Varieties of low grade need not be named. They may 
be designated by numbers, or by the small letters of the Greek 
alphabet, a, &c. When the varieties are marked a and |J, 
the first is supposed to be the type of the species, or both to 
be equally included in the common character. But when the a 
is not used, the varieties rank as deviations from the assumed 
type of the species. Varieties of cultivation, half-breeds or 
cross-breeds, and the like, should have only vernacular names, 
at least not Latin ones such as may be confounded with true 
botanical names. 

716. Names of Hybrids are difficult to settle upon any com- 
plete system. When of unknown or uncertain parentage, they 
have been named in the manner of species, but distinguished by 
the sign X prefixed. Ex. X Soliz capreola. Hybrids of known 
parentage are named by combining the names of the two pa- 
rents, thus : S. purpurea X daphnoides^ or X S. purpureo-daph’^ 
naides^ for a cross between S. purpurea and S. daphnoides, of 
which the first supplied the pollen to fertilize the second. The 
counterpart hyjbrid is X S, daphnoideo-purpvarea. 


1 In respect to the initial of geographical specific names, being adjeo- 
tiyes, such as Ammccana, Canadensis, Virginiana, JBuropcea, Anglica, usage 
governs, and this is divided But the elder DeCandolle, who ruled in all 
such matters in the preceding generation, always employed the capital in- 
itial, and two generations of DeOandoUe follow the example. Most English 
authors until recently and some continental ones adopt this usage ; and it 
accords with the genius of the English language, in which we always write 
European, British, American, &c., with a capital initial. Of late it is a usual 
practice to write such geographical specific names with a small initial 
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717. The Fixatioii and Precision of Names. The name of a 
plant is fixed b}’ pubhcation, and takes its dater from the time 
when it is thus made known to botanists. 

718. A genus or other group is published when its name 
and characters (or the differences between it and all other such 
groups) are printed in some book, journal, or other adequate 
vehicle of publication, which is placed on public sale, or in 
some equivalent wa}^ is distributed among or within the reach 
of botanists. A printed name without cliaracters, and charac- 
ters without name, do not amount to publication.^ 

719. A species is not named unless it has assigned to it both 
a generic and a specific name. It is not published until it is 
made known, by name and characters (or by name along with 
sufficient information as to its characteristics), in the manner 
aforesaid. (718.) Adequate distribution, among botanists and 
public herbaria, by sale or otherwise, of a collector’s or distrib- 
utor’s specimens, accompanied by printed or autograph tickets, 
bearing the date of the sale or distribution (that is, publication 
by named JSxsiccata in place of printed descriptions), is held to 
be tantamount to publication.^ 

720. Characters, references to date and place of publication, 
and the like, belong to bibliography or particulai’ phjixigraphy, 
not to nomenclature ; but proper identification of names requires 
that the name of the author and the time and medium of pub- 
lication should be taken into account. Anterior to the binomial 
nomenclature, the botanical name of the common tall Buttercup 
was ManuncuJus pratensis erectiis acris^^ according to Bauhin, 
in his Pinax, p. 179. Under the new nomenclature, which re- 
duced the specific part of the plant’s name to one word, tbig 
became Ranunculus acns in Linnseus, Species Plantarum (ed. 1), 
p. 554 ; and a brief character gave its distinctions. In later 
works it has been more fully described, in some illustrated by 
figures. The citation of these works an*anged in chronological 
order (or in some order), with reference to volume, page, and 
in some cases figures, is the bibliography of the plant.’ A bot- 

^ Names may be commuxucated, in manuscript or otherwise, by the pro- 
pounder to an author who may make them known by publication ; but the 
'date of the genus or other group is that of actual publication. 

This does not cover all the conditions of publication, since it does not 
spe^y the characters (and the same may be said of a published figure, 
with analyses) ; but, on the other hand, it conveys to the competent person 
r^eiving the same all tliis information and more : so that it should carry 
the rights of true publication as against any author to whom such names 
are or should be known. That is, such are not in the category of ‘^impub- 
iished names,’* which generally ought to be left untouched. 

® For good examiiles of bibliography, see such detailed works as De- 
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anist, in referring to this or any other plant, might cite any work 
which descnbes it, or none at all. JHanunculus acris by itself, 
as it happens, would lead to no ambiguit}". Not so with many 
names. For the accurate indication of the species, it is generally 
needful, or highly convenient, to specify at least the name of 
the author who first published the adopted appellation. So we 
wiite Ranunculus act is ^ Linn.^ or X., the abbreviated name of 
Linnaeus.^ Here we have the name of the plant, and the bibli- 
ography reduced to its initial. To this, further citation and 
other references may be added or not, as the particular case 
requires. But, so far as citation or reference proceeds, it should 
simply state the history correctly and clearly. 

721. When a species is said to be of Linnseus or DeCandolle 
or Bcntham, it is simply meant that the adopted name of the 
plant (consisting of the geneiic and specific parts together) was 
first published by this author. Some other author may have 
named it differently, and even eai’Uer. The earlier name may 
have been discarded because the specific portion of it was un- 
tenable, either on account of preoccupation or for other valid 
reasons. Or the later author may have differed from the earlier 
in his views, and have refeiTed tiie plant to some other genus. 
As instances of the first, Euphorbia nemoralu^ DarL^ is a good 
species, first named by Darlington in his Flora Cestrica. But 
the name of Euphorbia nemoralis had already been applied to 
and was the recognized name of a different species of the south 
of Europe. Whereupon, as the North Amencan species had 
no other trivial name, a new one had to be given to it ; and it 
was named E, DarVmgtonii^ in honor of the discoverer and fimt 
desoriber. The common Milkweed of Atlantic Nortli America 
was named by Linnaeus AscUpias Syriaca. As this plant is not 
indigenous to any part of tlie Old World, and does not at all 
inhabit Syria, this tilvial name is not merely faulty but false ; 
so it was changed by Dccaisne into A. Comuti^ in commemora- 
tion of an ante-Linnaean botanist who collected it in Canada and 
gave the first account and figure of it. As an instance of the 
second, take the pretty little vernal plant Anemone thalictroides^ 
X., meaning an Anemone resembling a Thalictrum. When it 
was seen that the essential characters were rather those of Tha- 
lictrum, the plant was placed in the latter genus. This was first 
done in Michaux's Flora ; and so the accepted name is Thalictrum 

Candolle’s Systema Vegetabilium, and Sereno Watson’s Bibliographical 
Index to North American Botany, in the Smithsonian Miscellaneotui Col- 
lections. 

1 For Abbreviations of Authors' Names, see 886. 
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anemonoides^ Mlchx, , meaning an Anemone-like Thalictrum, and 
Michaux is the authority for this name. The names which for 
any reason are superseded become Synonyms} (755.) 

722. A later author may circumscribe a species or a genus 
different!}' from the originator of the name. To a greater or 
less extent, this must continually happen in the course of time. 
But Ridnus communis^ Linn.}* stands unmoved by the sub- 
sequent admission of various species (known or unknown to 
Linnaeus) and the final reduction of all to one by a thorough 
monographer. So does Silmo GaUica^ Ltnn.^ although S. quin- 
quevulnera^ Linn.^ of the same date, is reduced to it. There is 
no sufficient reason for writing Myosotis^ Brown^ or Oynoglossum^ 
Brown^ because this author restricted the limits of these genera ; 
nor to write Gilia^ Benth.^ because Bentham vastly extended 


1 The synonymy is an essential part of the bibliography or scientific 
history of a genus or species But synonymous and admitted names ought 
to be kept distinct. Keeping this pnnciple in view, — also the decisively 
aJfirmed doctrine of the founder of our nomenclature, that the specific name 
is a nullity apart from the generic (so that only the combination of the two 
makes the name of the plant, as truly as the constituent halves make the 
scissors), and bearing in mind the fundamental importance and absolute- 
ness of the rule that no new names ought to be m ide where there are tena- 
ble old ones, — the student need not be misled by the confusmg (however 
specious) innovation countenanced by many zoologists and some botanists^ 
and which has of late years been very fully discussed. 

The true rule is : ^^For the indication of the name or names of any group 
to be accurate and complete, it is necessary to quote the autlior who first 
published the name or combination of names in question ” (A, DC ) Thus, 
Leontice thalictroides, Linn , fulfils the condition, except where a reference to 
the work as well as the name of the originator of the name is demanded. 
Then the citation would continue, “ Spec. PL 812,” and might be further ex- 
tended. In the Flora of Michaux, this plant was treated as distinct from 
Leontice in genus ; and some botanists adopted this view, while others of 
equal authority did not. Those who adopt Michaux's genus name the plant 
CauJophylhm thalictroides, MicJix. 

Now some naturalists quote for the species the author who originated 
the trivial appellation even when transferred to another genus They 
would adopt the genus Caulophyllum, yet write : Caulophjlhm thahctroideSf 
Lmn. Or else they would avoid direct falsification of the facts by adding 
(sp ), this being explained to mean that the specific part of the name only 
was given by Linnaeus. Then, as this omits all mention of the original gen- 
eric part of the name, others add this in a parenthesis, and write : “ Catilo- 
phyflum thalirtroidea (Lirm. sub Leontice) Michx.** or " Caulophyllum (Michx.) 
thahctroideSi Linn sub Leontice ** or Caulophyllum {Leontice, Lmn.) thalicb'oides, 
Michx ” All such endeavors to mix synonymy with nomenclature appear 
to be faulty in pnnciple and unwieldy in practice In the most abbreviated 
form, they state that which is not true : in the others, they impair the sim- 
plicity and brevity of the binomial nomenclature. It is all but certain that, 
if the genus Caulophyllum had been published in the lifetime of Linnssua, 
he would not have adopted it. 
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the comprehension of this genus. Yet in their proper place 
such changes may be indicated by pro parte or “ char, mata- 
excL sp,” and the like, — useful qualifying statements, 
but no part of the name. 

723. Exactness requires that when a group is changed from 
a higher to a lower rank, or the opposite, the name of the 
author who made the change should be quoted.^ He alone is 
responsible for it. But this rule has only recently been strictly 
observed. 

724. In transferring a species from one genus to anotlier, its 
specific name must be preserved (witli alteration of the gender, 
if need be), unless there is cogent reason to the coiitraiy. It 
must necessarily be changed when there is already in that genus 
a species of the same name ; and then synonymous naincb of 
the transferred species have their claim in order of date. But 
whatever name is first employed under the accepted genus, being 
unobjectionable, should hold, even against an older unobjection- 
able one coming from a wrong genus. This is an application 
of the stnngent rule that no needless names should be created.** 


1 Thus, Potentilla Canadensis, L , var. simplex, Torr. ^ Gratj, and not of 
Michaux, for it is the species P. simplex, Miclix (hum, subgen SU/liptts 
Toi r ^ Gray, not of Paf, for it is the genus Stylipus of Rafinesque, who 
neither made the subgenus nor approved it So, also, for the genus Labur- 
num we write Laburnum, Griseh , ” for oven if it exactly corresponded with 
Cytisus sect Laburnum of BoCandolle, the latter is not a group of equiva- 
lent rank. 

But, as to genera and subgonera, this precision should not be insistwl on 
for times quite anterior to the recognition of such rules and of their need, 
Spergdaria began with Persoon as a subgenus in the year 1806, and this 
date has been assigned to the geuus, although it was taken up as such only 
in 1810 by Prcsl and in 1824 by Bartling. 

® Thus, in tlie case of an older specific name being known, as that of 
Ckhpsis saliyna, Don, recognized as liignania linearis, Cav., though Don ought 
to have adopted the latter trivial name, yet as he did not (and the rule was 
not then really in force as now), there was no need for the introduction 
of a third name, Chilopsis linearis, DC. ** So, again, an Indian Grass was 
first named and described by Willdenow as Coix ammdinarea, then named 
by Roxburgh as Coix batlmta, and entered in SprengeVs Syatema with 
Willdenow's character as Coix KamiyU. All these names wore defective 
as referring to a wrong genus. Brown corrected the error by creating the 
new genus Chionackne, and selecited Roxburgh's speeific name as the one 
most generally known and the least liable to misinterprc'tation , and Brown's 
Chionackne barhata is therefore the first correct name ; for which Thwaites 
afterwards substituted Chionackne Kamigix, an entirely new and useless name, 
which falls by the law of priority. It should be well borne in mind that 
every new name coined for an old plant, without affording any aid to 
science, is only an additional impediment." Bentham (Notes on Euphorbi- 
acea, in Jour. Linn Society, xvii. 197, 198, November* 1878). The foUowinig 
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725. Names of Snbgeuera or of other sections of genera are 
like those of genera ; indeed very many of them, and the most 
fitting, ai*e old generic names which have been comprehended 
m the genus by reduction. Unlike genera and higher groups, 
however, sections, when of Greek denvation, may properly take 
the termination in ^oides^^ and the typical section may bear the 
name of the genus with the prefix Sections need not be 

named at ail, and only those of comparatively high ranlc should 

IS a farther extract from the same protest agamst the practice creating 
a new name in order to combine an old specific with a new generic one 
“In Perns, the wanton multiplication of ill-defined or undefinable genera, 
according to the vaiied fancies of special botanists, has had the efCoct of 
placmg tlio same species successively in several, sometimes seven or eight, 
different genera , and it is pioposed to maintain for the specific appellation 
the right of priority, not only iii the genus alone m which it is placed, but 
in the whole of the genera to whicli, rightly or wrongly, it has been referred. 
This has been earned to such an extent as to give to the specific name a 
general substantive aspect, as if the generic ones were mere adjuncts, — 
a serious encioachment on the beautiful simplicity of the Linnssan nomen- 
clature , and it is to he feared that there is a tendency m that direction in 
phsenogamic botany When a botanist dismembers an old genus, the rule 
requires that he should strictly preserve the old specific names in his new 
genera ; and, when he lias wantonly and knowmgly neglected this rule, it 
may be nght to correct him. But where a bolamst has established what 
he beheves to be a new species, and has therefore given it a new name, the 
changing of this name after it has got into general circulation, because it 
has been discovered that some other botanist had previously published it 
in a wrong genus, is only addmg a synonym without any advantage what- 
ever, and is not even restoring an old name ; for the specific adjective is 
not of itself the name of a plant. ... A generic name is sufficiently in- 
dicated by one substantive ; for no two genera in the vegetable kin^om 
are allowed to have the same name ; but for a species the combination of 
substantive and adjective is absolutely necessary, the two-worded specific 
name is one and indivisible ; and combining the substantive of one with the 
adjective of another is not preserving eitlier of them, but creates an abso- 
lutely new name, which ought not to stand unless the previous ones were 
vicious in themselves, or preoccupied, or referred to a wrong genus It is 
probably from not perceiving the difference between making and changing 
a name that the practice objected to has been adopted by some of the first 
among recent botanists.” Bentham, 1. c 

^ A genus could not properly have one of its sections called by its own 
name with the addition of -oj’des or -opsis, as Ast&roides or Asteropsis, for it 
is senseless to declare that an Aster resembles an Aster ; but sectional names 
of this composition may be excellent for sections of other genera, as ex- 
pressing analogy or resemblance. Latin generic names used for sectional 
ones properly take the addition of or -im, or -astrunu 

2 The prefix Eu (Greek for much, very, or true), prefixed to a generic 
name of Greek origin, is the proper designation of the typical section of 
that genus, meaning the group which should bear the genenc name if such 
genus were divided The rule against hybrid names should in strictness 
exclude this prefix from Latin names, bnt it has not always done sa 
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have substantive names. Designations, however, are conven- 
ient for lower sections ; and the name of a leading species 
may be used, m the plural ; as Aster ^ section AmelU^ and sect. 
Concinm. Subgenera need not agree in gender with the genus 
they belong to. When written with the name of the plant, 
the subgeneric name is parenlheticall}’ inserted between the 
generic and specific appellation. Ex. Pyras {Mains) coionaria, 

72G. Names of Tribes, Orders, &c. The names of all groups 
superior to genera are adjectives plural, and with few' excep- 
tions are the names of genera lengthened by some adjective 
teinnination. Ex. From Rosa, Rosece^ Rosacece^ Rosales; from 
Myrtus, Myrtece^ Myrtacece^ Myrtales ; from Berberis, Berber idece ; 
from Tamarix, Tamariduece ; from Salix, Salice^B^ Scdicinece* 
The substantive Plantce being understood, the groups arc Rose- 
ous, or Rosaceous, or Rosal plants, &c. 

727. Tribal Names, and names of whatever grade between gen- 
era and orders, are formed by adding to the root of a generic 
name a final -ece. Ex, RosetB^ Phaseolem^ Antirrhineoe^ Oxalidece, 
&c. Some subtiibes take the name of the tribe with the prefix 
jE?w, as EuphaseolecB for that subtribc of the tribe Phaseolese 
which comprises the representative genus Phaseolus. Tribal 
names may take the same prefix, as EumsaVpinece for the tribe 
of the suborder Cmsalpinefle which contains the typical genus 
Gmsalpinia. 

728. Ordinal Names arc formed in the same way, but with a 
preference for certain terminations which may denote their rank, 
especially that of -acem^ — as Bosacece^ Myrtacece^ CucurUtacece^ 
meaning Rosaceous, Myrtaccous, and Cucurbitaceous plants. 

729. The names of what we now call natural orders, as 
sketched or adopted by Linnmus, wore mostly descriptive, such 
as Mfisatm^ SpcUhacetB^ Coronarim^ PapiUonacece^ Coniferce^ Amen^ 
tacece^ Umhellatce ; but a few took their names from genera, as 
Orchidece^ lAliacece, Jussieu, with whom tlio system of natural 
orders properly began, had no suborders, tribes, or any such gra- 
dation of groups to deal with. His one hundred ordinal names 
are some of them of the descriptive kind, as several of the above, 
also Leguminosce^ Corymhiferce^ &c. But the greater part arc 
simply plurals of generic names, such as Asparagi^ Junci^ IMia^ 
Mnsce^ Orchides^ Lauri^ Convolvuli^ Ericce^ Aoera^ Cacti, To a 
few was given the lengthened termination in as Polygonecs^ 
Solatiecs^ JBerberidece^ Caryophylleoe ; to some, the termination in 

as in dchoraceoe^ Campanulacece^t Rubiacea^ Rmuncu^ 
lacecB^ Malvncece^ Tiliacem^ Oucurhiiacece, Subsequent authors 
have necessarily changed all names which were plurals of gen- 
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era ; and the strongly prevalent tendency has been to give the 
termination in -acc« to all such ordinal names, and to restrict 
this termination to orders. Lindlej" insisted upon making this 
an absolute rule even for names not formed from generic appel- 
lations : but this will not be adopted. 

730. In the first place, several large orders which have been 
known from the first by such characteristic names as CrudfertSt 
LeguminoscB (and its suborder PapilionacecB ) , Guttiferce^ UmhellU 
feTCB^ Composita^ Labiatce^ CupuUfercB^ and Conifercs^ also Palmecs 
and Gramine€B^ Filices^ and even Aroidem and Ficoidem^ will retain 
these appellations ; but no new ones of the kind will be made. 

731. Also, names formed from genera which do not well take 
the termination in -acece may be allowed as orders to retain their 
natural form in -ideee^ -ariea, and the like. Ex. Tamans- 
cine€B^ Salicinea, Scrophulannem^ BerheridecB^ LentihutariecB, We 
may prefer for the sake of uniformity' to write Salicacea^ Berh&ri^ 
dacem^ LentihulariacecB^ and ScrophidariacecB (as we should write 
Violacea)^ but this form cannot be insisted on. On the other 
hand, a termination in -acece has been allowed in the names of 
certain tnbes to avoid excessive iteration of vowels. Thus, for 
the tribe of which Vemonia is the leading genus, authors write 
VemoniacecB^ to avoid Vemoniece^ which ends with four vowels. 
Spirsea and Staphylea are the types of tribes, for which the names, 
if they followed the rule, would be SpircBecs and Staphyleece^ 
ending one in five the other in four consecutive vowels. Some 
avoid this by writing Staphyleacecs and SpircBocece. Others write 
Staphylem^ but this is only the plural of the generic name. 

732. A few orders or other groups took theu’ names long 
ago from superseded generic names. Ex. CaryophyUacetB or 
Caryophyllea^ OnagracecB or Onagranece^ and Lentil^ariecB. 

733. Names of Cohorts are distinguished by the termination 
in -ales. This was proposed by Lindley, and is adopted by 
jBentham and Hooker in the Genera Plantarum. Ex- Panales^ 
Parietcdes, Malvales, Posales^ Passiflorales^ &c., most of them 
founded on the names of representative genera and orders. 
Euphony requires some to take other terminations. Ex. Poly- 
galincB^ CaryophyllincB. 

734. Names of Classes and other great divisions are plurals, 
either adjective or adjective nouns, expressive of the leading 
character. Ex. Polypetalae^ Gamopetalce^ Apetalce ; AngiospermcB 
and QymnosperrruB ; Dicotyhdxmes and Monocofyhdones, The 
names of the’ two great series or sub-kingdoms, following the 
analogy of the Linn^ean classes, end in -ta, and are Phcenogamia^ 
or Phaverognmia and Qryptogamia. 
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Section II. Glossology or Terminology.^ 

785. This is nomenclature as applied to organs or parts and 
■^heir modifications. The actual botanical terniinologj'" owes its 
excellence in the first place to Lnmaius, and then to DeCandolle. 
The Theorie hlementaire of A. P. DeCandolle (the first edition 
of which w^as published in 1813) is still classical authority, and 
until recently has received few additions as regards terms need 
fill in phaiiiogamous botany. 

73G. The fundamental rule is that each organ or part shall 
have a substantive name, and that modifications of organs shall 
be designated by adjective terms. These names or terms should 
be as precise as possible : each object ought to be known bj only 
one name, jet synonjms are unavoidable, and no term ought 
to be used with two difierent meanings. The word fiowet^ for 
instance, must not be used for a cluster of flowers, however it 
may imitate the appearance of one, nor for the corolla or other 
portions of a flower. Still, some terms have to be used in two or 
more senses, to be determined only by the connection, or else as 
having both a special and a more general meaning. Leaf {fo- 
lium) is a notable instance. A bract, to go no farther, is a sort 
of leaf; and the imperfect stamens of a Catalpa-flowor and 
Pentstemon are stamens, although likewise called staminodia : 
these are liable to be called sometimes by one, sometimes by tlie 
other name. But, however ft'equent such ambiguities may be in 
morjihological treatment, thej’ are usually avoidable in descriptive 
botany, in which terms are held to their more special or partic- 
ular sense. Yet no nile can absolutely determine whether leaf 
or bract, bract or bractlet, is the proper term in many cases. 
MoTOOver, substantive names must also be applied to certain 
mere modifications of the same organ. In the same familj", a 
simple carpel, differently modified in fruiting, is an akene in a 
Ranunculus, a follicle in Aquilegia, a berry in Hydrastis and 
A<*taia ; while in another family an additional line of dehiscence 
makes it a legume. Moreover, in this latter familj* it is called a 
legume when it is not dehiscent at all, and even when it becomes 
a drupe ! Arbitrary rules C4aun<)t absolutely fix technical any 
more than ordinary language. 

787. Experience and judgment must determine what modify 
oations of oigans should be regarded as a kind, and bear sub- 


J Although the former is the better name, the latter is well established in 
nae as an English word, and perliaps it need not be objected to, inasmuch as 
the Latin Unmniis comes froni the Greek of the same meaning. 
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stantive instead of merely adjective names. But the former 
should not be unnecessanlj- multiphed. 

738. The classical language of scientific botany being Latin, 
all the organs of plants and theii* principal diversities are desig- 
nated by a Latin or Latinized name. Modem languages ha've 
also their own names and teims. Greatly to its advantage, 
English botanical terminology has adopted and incorporated 
terms from the Latin and Greek, with slight changes, not obscur- 
ing the identity, thus securing all their precision, and rendering 
the simple botanical Latin of descriptions of easy acquisition to 
the English student. 

739. In a text-book like this, the principal names and terms 
applied to organs and their leading modifications, as also those 
which relate to their action (ph^^siological terms) , or to our study 
of them (didactic terms, such as ph^^tography, phjdlotaxy, glos- 
solog}"), are defined and illustrated in course. There remain 
the more numerous and varied characterisHc terms, chiefiy adjec- 
tives, applicable to more than one or to all organs, and which 
compose the greater part of glossology. These, which DeCandolle 
arranged systematically with much elaboration, may best be 
reached by a glossary or dictionary’, such as that at the end of this 
volume, which comprises the substantive terms likewise. 

740. From characteristic adjective terms are derived the 
greater number of specific names of plants ; of which, therefore, 
the glossary may elucidate the meaning. 

741. Capable as the existing system is, it cannot in single 
words define all observed forms and grades, nor well avoid 
various ambiguities of meaning. Some defects of the first kind 
are remedied by combining with a hyphen two congruous terms 
to denote an intermediate state. Ex. ovdo-lanceolatus^ or ovate’- 
lanceolate^ for an outline between the two. Also a term may be 
qualified by the prefix suh^ in the sense of somewhat, as in mh- 
rotundas^ mlcordatue (somewhat round or slightly heart-shaped) , 
or diminutives (such 2 ,% integriusculus)^ or superlatives {integer- 
rimus) or other strengthened forms (such as perangvstm) may 
be employed. Among terms of more than one form of meaning 
are such as calycinus^ which may mean, according to the context, 
pertaining to the calyx, or of the appearance of calyx ; cymosi^s 
may mean in cymes, or bearing cymes, or in the manner of a 
cyme ; and paUacem may mean provided or beset with chaff, or 
resembling chaff in' texture. Often the form of the word should 
distinguish the sense ; as/ototw, fiimished with leaves, 

with abundance of leaves, while foKaceti^ may mean either bear-^ 
mg leaves, or properly of leaf-like texture or appearance. 
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742. Absence of an organ or quality may be expressed by 
means of a prefix with privative signification, as indehiscent^ not 
dehiscent, exannulate^ destitute of a ring, apetalous^ without 
petals. But the Greek privative a should not be prefixed to 
Latin words, nor the Latin sub to terms taken from the Greek. 

743. When the Latin preposition ob is prefixed to an adjective 
term, it means obversel}^ ; thus ohcordatus is cordate inversed, 
that is, the broader end with its notch at the apex (instead of 
the base) of the leaf or other plane organ. 

Section III. Desckiption. 

744. Under this head may be conveniently comprised all that 
relates to the form of the exposition, in botanical terms, of the 
differences by which the species and groups of plants are distin- 
guished and recorded, the structure exemplified, and the history 
or bibliography indicated in systematic works or writings. Lin- 
njEus, in the Philosophia Botanica, treated these topics under 
the head of “ Adumbrationes.” 

745. Descriptions may be full and general, comprising an 
account of all that is known of the structure and conformation 
of a plant or gi’oup, or rather all that is deemed worth recording, 
or they may be restricted to what is thought most important. In 
the former, the descilption is independent of all relative knowl- 
edge, or takes no notice of relationship to other plants or gi’oups. 
The latter intends to portray the species or grouj) in its relations 
to others, and to indicate the differences solely. Exhaustive 
descriptions of the former kind are seldom drawn up, but partial 
or supplementary ones are common. Descriptions of the latter 
kind, when reduced to what is essential or differential, are termed 
Characters^ or the Character^ of the group so described. There 
are all gradations in practice between characters and descrip- 
tions ; but the distinction should be maintained. 

746. Characters are specific, generic, ordinal, &c. They are 
the differenticB^ or marks which distinguish a group from any 
related group of the same rank with which it may properly bo 
compared. According to the occasion and purpose, they may 
specify only the fewest particulars which will serve as a diag- 
nosis, or they may be extended to all the known constant differ- 
ences between two or more related species, genera, orders, 

1 The former would answer to what have been termed diffemixul char* 
acters, the latter to essential characters. Linnseus divided ( generic ) characters 
into factitiauSi essential, and natural; by the former denoting any difference 
which may effectively distinguish between any two groups brought arti- 
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What is now termed the specific character was the specific name 
with Linnaeus and his piedecessors , what we call the specific, 
Linnaeus called the trivial name. (703.) 

747. Subordination of characters and the avoidance of vain 
repetitions require that as far as possible — regard being had to 
tlie form of the work — the ordinal character should contain 
only what is needful to circumscribe it, and to exliibit clearlj- 
its morphology ; that the characters of tribes or other divisions 
should not reasseit any portion of the ordinal character, nor 
the genenc character that of the supenor groups ; and so of the 
sections and subdivisions of all gi*ades down to the species. 
Equally from the specific character should be excluded every 
thing which belongs to the generic, or is common to its rela- 
tives general!}', or has been already specified in the section or 
its subdivisions. So, likewise, of the varieties under the spe- 
cies. This can be done only by so aiTanging the species as best 
to exhibit theii* relationships, that is, by bringing together or 
into proximity those of gi'eatest resemblance in all respects, 
or in the more important respects. What these are, and how a 
just subordination of characters is to be apprehended, cannot 
be taught by rules, but must be learned by experience and 
from the critical study of the classical botanical works. No one 
is competent to describe new plants without such study, and 
without a clear conception of the position which a supposed 
new species should occupy in its genus, or a genus in its order. 

748. Characters of orders, genera, and of all intermediate 
groups, are drawn almost without exception from the organs of 
fructification. In the description, these pailis are mostly taken 
in order, beginning with the calyx and ending with the ovar}", 
the fruit, seed, embryo. But, as to the orders, some writers pre- 
fer to preface these proper characters with a general sketch of 
those derived from Ihe vegetation, which, albeit of less syste- 
matic value generally, are often verj' characteristic of particular 
families. Rubiacese, for example, are known by their opposite 
entire and simple leaves and intervening stipules, along with a 
few fioral chai'acters ; Sarraceniacese, by tubular or pitcher-like 
leaves, along with a certain combination of a few other charac- 

ficially together, as they might he in an artificial key, and as very inlike 
genera often were in his sexual system ; by the second meaning the distinc- 
tions, the fewer the better, which will separate a group from its nearest 
relatives ; by the third, all real marks of difference, i. e. all afforded by the 
organs of fructification, which only were taken into account for genera, &c. 
UpoQ the construction of this natural character Linnaeus prided himself, 
and justly. These are the characters in his Genera Plantarum. 
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ters, and so on. Where brevity is aimed at, such external and 
obvious characters, followed b}” a few diagnostic marks, may 
practically take the place of a full enumeration of particulars, 
many of which may be common to other orders, though not in 
the same combination. Generic characters alwaj's commence 
with the calyx or most external of the floral organs and proceed 
to the ovaiy, thence to the fruit and seed, and end with subsi- 
diary (but often no less diagnostic) paiticiilars furnished by the 
vegetation and mode of gi'owth. 

749. Detailed descriptions of species, as distinguished from 
technical characters, commence with the root, and proceed in 
order to the stem, leaves and their parts or appendages, inflor- 
escence, bracts, flowers, calyx, corolla, stamens, with filament, 
anther, and pollen, the disk, if any, g3moGcium and its parts, 
ovules ; then the fruit, seed, albumen, if any, embr3"0 and its 
paits. But descriptions of this sort in most works and in ordi- 
nary cases are partial and subsidiary, comprising only certain 
details supplementary to or in amplification of the character of 
the species or genus. In condensed works, such description is 
wholly omitted, or is reduced to a few specifications which do not 
readily find their way into the character. 

750. Specific characters usually follow tlie same order of 
enumeration, from root to seed, so far as the several organs are 
mentioned ; and in Latin the phrases are expressed in the abla- 
tive case But these particulars are often very convenientl}” 
prefaced by statements aiipljdng to the whole plant rather than 
to any one organ ; and these are given in the nominative, and 
agree with the name in gender.^ 

761. Linnaeus required that neither the essential chai’acter of 
a genus, nor a specific character (liis nomen specijicum ) , should 
exceed twelve words. Latin characters take fewer words than 
English. But this arbitmry rule is wholly out of date. Yet 
such characters should be biief and diagnostic : otherwise, their 
advantage is lost, and the distinction between them and descrip- 
tions disappears. In monographs and floras, the desirable 
brevity, or such as tlio case admits, is secured by proper group- 
ing under a subordination of sections, subsections, and other 
subdivisions.® 


^ Ex. ''Kbfeta Catab^a: erecta, data, cano-pubescens ; folils petio- 
Jatis/* etc. In English, these adjectives without any substantive expressed 
will be seen to belong, as here, to plant ” or “ herb ” understood. 

3 In the Synoptical Elora of North America, such a system of successive 
divisions is thoroughly carried out. And, if the specific characters are by no 
means short, it is mostly because nearly all separate descriptive matter ia 
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752. Punctuation. In proper descriptions, and in characters 
of genera and of higher groups, the account of each organ forms 
a separate sentence ; and in Latin the teims are in the nomina- 
tive ease, except subsidiary portions, which are often thrown 
into the ablative. Excepting the latter part, the adjective terms 
are separated by commas. A specific character is alwa 3 ’s in one 
sentence. In Latin, its clauses are mainly in the ablative ; and 
much diversity prevails as to the punctuation.^ Subgeneric and 
other sectional characters are commonly framed like those of 


dispensed with consequently various particulars are added to the char- 
acter which do not strictly belong to it. In Bentliam’s great Flora Austra- 
liensis, also in English, specific characters are replaced by a characteristic 
synopsis at the head of each genus; and a terse description under each 
species completes the account Moreover, Bentham, in recent works, such 
as hiB revision of the Genus Cassia, also that of the Mimosese, which have 
Latin characters, writes these m the nominative case and each member in a 
separate sentence, m the descnptive form, abandoning the long-used abla- 
tive form. 

1 Linnaeus employed only the comma in the specific character, along with 
a subsidiary use of the colon in a manner very unlike its ordinary use in 
punctuation, making it a point of less value than the comma. Thus, 

“Chenopodium album foliis rhomboideo-triangulanbus erosis postice 
integris . suramis oblongis, racomis erectis.” Spec PI ed 2, 319 

Here, while the two main members of the sentence are separated by a 
comma, a subsidiary portion of tlie first member, relating to the uppermost 
leaves, is separated by a colon. Linnaeus employed the colon in tlie same 
way in generic characters This anomalous usage is now abandoned But 
most authors have followed the Linnsean pattern in distinguishing the prin- 
cipal members by commas only, so that these become tlie only points in the 
specific character, however complicated that may be. Thus, 

Ranunculus acris (Linn Spec 779) folds pubescentibus subglabnsve 
palmato-partitis, lobis mciso-dentatis acutis, summis linearibus, caule erecto 
plurifioro subpubescente, pedunculis teretibus, calyce subvilloso, carpellis 
mucrone suberecto termmatis ” DeCandolle, Prodromus, i. 36. 

This is the punctuation throughout the Prodromus and in most contem- 
porary systematic works Its imperfection is shown m the above-cited speci- 
men. The primary members of the sentence, which characterize the leaves, 
stem, pedmicles, calyx, and carpels, are distinguished by the same grade of 
punctuation which serves for the parts of the first member, viz the lobes 
of the leaves, and for a still subordinate portion, viz. the form of the uppers 
most lobes. This want of subordination is to be remedied by the use of 
semicolons between the principal members, and of the commas only for the 
secondary ones, — a punctuation now not uncommon, and wliich is adopted 
in the recent first volume of the Monographic Phanerogamarum of the T)e- 
Candolles, wluch supplements the Proi^omus. The portion of that volume 
contributed by Dr Masters better exemplifies this than does the rest of the 
volume. For the latter sacrifices the advantage of the change by the inf^er- 
tion of commas between each adjective of a continuous ablative phrase (as, 
" Smilax launfoUa ; limbis foliorum oblongis vel ovato-oblongis, coriaceis, 
S-6-nerviis, subtus pallidionbus,” etc.), where they are generally deemed 
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genera. Or the members may be united in one sentence, but in 
that case the principal ones are best sepai’ated by colons. 

753. Should a point intei’vene between the specific name and 
that of the author cited? The practice vanes. But, if the name 
is Latin, the comma is superfluous ; for the abbreviated name of 
the author is supposed to be in the genitive, and to read thus : 
Ranuncttlus repens Linncei, Still, since when the author’s name 
is cited in full it is never written in the genitive, and since in 
English the comma is normally required, it seems on the whole 
proper to insert it. 

754. In citations, the classical practice is to separate the refer- 
ences from each other and from the name by periods ; thus, 
''^Anemone cylindrical Gi’ay, Ann. N. Y. Lyo. 3. 221. Torr. & 
Gray, FI. 1. 113,”^ &c. It is becoming equally customary to 
separate the several citations by semicolons, thus bringing all the 
references under one name into one sentence. The bibliography 
of a species or group of species which a describer or other author 
has to refer to (with more or loss fulness, according to the form 
of his work) is to be sought partly under the admitted name, 
and pairiy in the 

755. Synonymy. This includes all other than the admitted 
names. Ex. Hydropdtis of Michaux is a synonjTn of Brasmia ot 
S(4ireber, the latter being the earlier published name. Nectrh 
of Schrebor is a s^monym of Cnbomha of Aublet, the latter hav- 
ing priorit}". Thalictrum anemonoides of Michaux has for syno- 
nyms Anemone thalictroides of Linnmus and of many subsequent 
authors who followed him in rcfei'ring this ambiguous plant to 
Anemone (721) ; and also Syndesmon thalictroides of Hoffmannsegg 
and Anemonella thalictroides of Spach, who proposed to consider 


suporfluous. The proferahle punetuation of the character above-quoted 
from the Prodromufi would be 

HANnNCTn:.UR acbir (binn.) • fohis puboBcentibuft subglabrisvo palmato- 
partitiB, lobis inciso-dentatis acutia, summis ImoaribuB ; caule orecto pluri- 
floro subpubescente ; pedunculis terelibua; calyce aubviUoso; carpelUs 
muorone suberecto temunatis. 

The advantages of this style of punctuation will more and more appear, 
when applied to less simple cases. Commas between the ablative adjectives 
are superfluous and confusing. 

In English characters, commas are required between the adjectives which 
follow the noim. Kightly to express the subordination of characters, the plan 
adopted in the Synoptical Flora of Kortli Amerioa is recommended ; that is. 
with colons separating the principal members, semicolons for subordinate 
and dependent ones, and commas between the adjectives of the same noun. 

1 See Watson^s Bibliographical Index to North American Botany (where 
this style is adopted) for a general model for the arrangement of synonymy 
and citations. 
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it an intermediate genus between Thalictrum and Anemone. In 
systematic works, the specific character immediately follows the 
name, and generally forms a part of the same sentence ; and is 
followed first by citations of authors who have adopted the name, 
and then by the synonjTny, or as much of it as the plan of the 
work calls for. The synonymous names and the references 
under them should be cited in the order of theii’ publication. 
But, to economize space, all the authorities for the same name 
are brought together into one sentence, and arranged according 
to their date. Also, where the synonymy is not elaborately 
displayed, the various synon^mis of the same generic name are 
usually placed in consecutive order. 

756. Iconography. The leading and most essential citation is 
that of the author by whom and the work in which a plant is 
named and described, and also the work in which it is best char- 
acterized. Among the characterizations, published figures hold 
a prominent place. The citation of these is an important part 
of the synonymy. The best botanical plates are those which 
give detailed analyses of the parts of the flower, fruit, and seed, 
displaying their structure. 

757. Habitat and Station are recorded in a sentence or para- 
graph following the name, character, and synonymy of a species. 
The habitation is the place, district, or region at or within which 
the plant is known to be indigenous, or to grow spontaneously. 
The complete habitat is the geogi-aphical range. The station is 
the situation it affects, whether in water, in marshes, on shores, 
on hills or mountains, in forests, on open plains, &c. 

758. Discoverer, &c. To the habitat and station of newly 
discovered, rare, or local plants should be appended the name 
of the discoverer or the collectors by whom the species has be- 
come known to science, at least when the i^lant is flrst published. 
Date of discovery should also then be indicated. 

759. Time of Blossoming should be recorded, either the month 
or the season, to which may be added that of the maturity of the 
j&uit. When the month or season is mentioned without farther 
explanation, flowering-time is intended. In a flora, this may 
sometimes be indicated under the genus for all the species. 
In the flora of an extensive region, and in respect to species of 
considerable range in latitude or longitude, the time of flowering 
differs so widely at the extremes of the geographical range that 
it cannot well be specified except in general terms, as spring^ 
summer^ autumn^ &c. 

760. Etymology of Xames. When a new generic name is pub- 
lished, its origin and meanixig should always be given, if the 
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nature of the publication will allow it. So likewise of species, 
except where the source or signification of tlie name is mani- 
fest. This is commonly the case as respects most characteristic 
specific names, and also those drawn from station, habitat, and 
the like. 

761. Accentuation of Names. The pronunciation of botanical 

names is settled b3^ the rules of Latin prosody'. AH that is 
usualty attempted in those botanical works which take this into 
account is to mark the S3dlable upon which the principal accent 
falls. This in words of two S3'llables is always the first , in 
words of three or more syllables, either the penult (the last sylla- 
ble but one) or the antepenult (next preceding S3’llable). When 
the penult is a long S3"llable, it taltes the accent ; when short, this 
recedes to the antepenult. The accentuation maN" accoixlingly 
be sufficiently indicated 1)3* marking the quantity of the penult, 
either long as in Erica^ or short as in and Gladiolus, Or 

else the accent ma3’’ be marked b3" a proper sign, as 3 nca^ ArhutuSy 
Gladiolus, An endeavor has been made to represent the longer 
sound of the vowel b3'’ tlie grave accent-mark, as Bnca^ and the 
short by the acute, as Gladiolus, But this plan is encumbered 
with practical diflSculties. 

762. Abbreviations are required, both of the name of the au- 
thor, when of more than one or two syllables, and of the titles 
of the works cited. There are also the customar3^ abbreviations 
in the citation of volume, page, plate, &c., in which there is 
nothing peculiar to botany. 

763. The simple rule for the abbreviation of an author's name 

is to abridge it of all but the first syllable and the first letter of the 
following one (as Lam, for Lamarck, Hook, for Hooker) , or the 
first two letters following the vowel when both are consonants 
(as lAnn, for Linnaeus, Juss, for Jussieu, Rich, for Richard). 
Sometimes more of the name must be given, in order to <Ustin- 
guish those beginning with the same syllable. So we write Wckx, 
to prevent confusion of the name Michaux with that of Micheli, 
which, being the earlier, claims the abbreviation and 

Bertol, to distinguish Bertoloui from Bertero. Sometimes a 
much-used name of one syllable is abbreviated, as Dr, (or R, 
JBr,) for Robert Brown. Initials or abbreviations of the bap- 
tismal name are needed to distinguish botanists of the same 
name ; as P. Browne in distiiu'tion from Robert Brown, Ach, 

Adr, Jhss,,^ Alph, DC,,, to distinguish the 3 *oungor from the 
older Richard, Jussieu, and DcCandollc. Or, whore father and 
son, the abbreviation for the latter may be Jms.JiL, Hoohjll, 
or Hook, &c. Certain, but very few, well-known and eminent 
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names are abbreviated to a sign; as L. for Linnseus, DC. for 
DeCandoUe, HBK. for Humboldt, Bonpland, and Kunth, the 
latter too long after ordinary abbreviation.^ Care should be 
taken to the period by which abbreviations may be dis- 
tii^uished from full names, such as Don^ Ker^ Blytt. 

764. Abbreviations of titles of works foUow the same rules as 
those of names, or at least are in no wise peculiar in botany. 

765. Abbreviations of the names of organs follow the same 
rule : Cal. for calyx. Cor. for corolla, Stam. for stamen or 
stamina. Fist, for pistiUum or pistil, Fr. for fructus or flniit, 
Per. for peiicarpium or pericarp, Sem. for semen or seed, ai’e the 
most common. Hah. for habitat or geographical station. Herb. 
for herbarium, Gen. for genus, Sp. or Spec, for species, Var. for 
variety, and the like, every one will understand. But some 
abbreA iations which are common in botanical writings, at least 
those in Latin, may need explanation to the elementary student. 
A list of abbreviations is appended. See p. 390. 

766. Signs. Under this head might be ranked such abbrevia- 
tions as V. v. for vidi vioam^ v. $. for mdt siccam^ to note that the 
writer has seen the plant, either alive or in a dried specimen ; or, 
more particularly, v. s. s,, when it is a spontaneous specimen 
that has been examined in a chied state, and v. s. c., when it was 
a cultivated specimen , v. v. c., when the living plant was seen 
in a garden only, and v. v. 5., when the spontajjeously growing 
plant was seen alive. There ai’e also proper signs, of which the 
most common are those which indicate the sexes of blossoms, 
the duration of a plant, and the like. Also the interrogation 
point (?) used to express doubt ; the exclamation point (!) to 
indicate the certainty that is given by the actual sight of an 
authentic original specimen. See p. 391. 

767. The marks used to indicate the subordination of sections 

under a genus, or in the synoptical arrangement of genera, and 
the like, are not settled by any fixed rule. An approved ar- 
rangement is to employ the following marks in the given order, 
§ # 4 + =. The first one, for sections of the highest order, 

takes numerals after the sign. Ex. § 1, and so on. When 

^ As Alph DeCandoUe remarks, the proper abbreviation of the name he 
bears is Cand But the form DC was very early adopted by the first of 
the illustrious name, and lias been continued for almost three quarters of a 
century. Alphonse DeCandoUe would prefer to write it D C., but has not 
adopted that mode, nor should we ; for DC. and HBK, are convenient ab- 
breviations reduced to signs But such forms should not be increased. For 
ordinary names they would be unintelligible. 

Names which are not too long, and of which an abbreviation by the ordi- 
nary rule is insuflElcient, such as Decaime, should rather be written in fuIL 
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such sections are followed by a substantive name, they are 
equivalent to subgenera.^ Ex. Phacdia^ Juss., § 1. Euphacelia^ 
?. e. the true or typical Phacelia ; § 2. Oosmnnthus, Gra^', &c. 
Sections next in lank to these arc marked with asterisks, « for 
the first, * * for the second, * m m for the third one of the same 
rank. Divisions of these have the +- prefixed ; and so on in the 
same way. Still faither subdivisions may be marked by the 
small letters of the alphabet consecutivel}', «, b, c. When capital 
letters are used for division marks, it is mostlj' for those of a 
high grade. 

768. Floras^ Monographs^ &c. A systematic work describing 
in proper order the plants of a country or district is generally 
called a Flora, A Flora of a small district takes the diminutive 
name of a Florula. A universal work of the kind when it ex- 
tends to the species is a System^ Systema Vegetahilium or Systema 
Itegni Vegetahilis, The latest completed Systema Vegetahilium 
Is tliat of Sprengel (1825-1828), in five octavo volumes, on 
a very condensed plan. A compendious Flora or S^’stema is 
often termed a Prodromus, literahy meaning a forerunner or 
preliminary work. But, as even this is more tlian most bot- 
anists are able to complete, the name of Prodromus is now 
applied to works which are not intended to precede fuller ones 
by the same author. The principal work of this kind is the Pro- 
dromus SysA, Nat Eegni Vegetahilis^ commenced by DeCandoUe 
in the year 1824, continued by his son Alphonse DeCandoUe 
(aided by various botanists) to its close in 1873. down to vol. 
xvii., or essentially twenty very compact octavo volumes, these 
carrying the work only through the great class of Dicotyledones. 
But the publication of the monocotyledonous orders has com- 
menced in a series of Monographs {Monograpkice Phanerogam- 
arum) . A Monogreph is a s^^stematic account of all the species 
of a genus, order, or other detached group. 

769. Specimens of botanical characters and descriptions, cita- 
tions, &c., illustrating this chapter, might be given here. But, 
for those in Latin, the classical works of DeCandoUe and otlicrs, 
and for the genera those of Jussieu, Endlichcr, Bentham and 
Hooker, may be taken as models. In English, those of the 
latter authors, and in the United States the better-known 
writings of the present author, especially the later ones, may 
be referred to. 

1 DeCandoUe in the Prodromus employed the word Sect, (S'ectia) for 
what answers to subgenus or at least to the highest grade of sections ; then 
§ 1, $ 2, &c , for the next grade below subgenus ; and then the asterisk, and 
other marks. 
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Section IV. Specimens ; Dikections for their Examina- 
tion, Preservation, &o. 

770. Implements. Those necessary for the examination of 
phsenogamous plants, Ferns, and the like, are a simple pocket 
lens, a simple dissecting microscope ; also a sharp thin-bladed 
knife and some needles of various fineness, mounted in han- 
dles, for dissection. 

771. For a single hand lens, one magnif 3 dng only from four to 
six diameters is the most useful. A doublet, or a parabolic lens 
of Tolies, of about an inch focus, is better, but much more expen-r 
sive. The simple stage-microscope for dissection need have onl}’’ 
two lenses (doublets or otherwise) with large field and good 
definition, one of an inch and the other of about half inch focal 
distance ; and a glass stage of at least an inch and a half in 
diameter. A compound microscope is useful for all minute 
investigation, and is essential in the study of vegetable anatomy 
and of all lower cryptogamic botany. 

772. For making thin slices, a razor is the best knife ; for dis- 
section on the stage of the simple microscope, beside needles, 
small scalpels or some of the cutting instruments used by ocu- 
lists are very convenient. But an expert hand is able to do 
almost every thing with a common knife or scalpel and a pair 
of mounted needles. Slender forceps are almost indispensable : 
those made for the use of dentists are the best. 

773. Analysis. In the examination of an unknown plant with 
a view to its determination, its whole structure should be made 
out, so far as the materials allow, before a step is taken to 
ascertain its name and place in the system. In respect to the 
stem, its duration and consistence and its internal structure, 
whether exogenous or endogenous, are to be noted. As to the 
foliage, the venation and the phyUotaxy, also the presence or 
absence of stipules, are most important. The anthotaxy or 
infiorescence is to be examined and referred to its proper type. 
In the flower, the numerical plan and symmetry, its ground-plan 
and the nature of the deviations from the general or the family 
type, are to be considered ; also the estivation or arrangement 
of the parts in the bud, the character and extent of coalescence 
and adnation ; the manner in which the anther is home upon the 
filament, and its place and mode of dehiscence, &c. Note also 
whether, when the blossom is hermaphrodite, the anthers and the 
stigmas mature at the same or at different periods. The placen- 
tation and the character and position of the ovules should be 
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determined. Two sections of the flower should be made : one of 
them vertical and directly through the centre, in the manner of 
Fig, 336-341, — this will display the adnation, insertion, &c,, 
of all the parts ; the other transverse and through the middle of 
the ovary, also above the ovar}" when this is inferior, and if pos- 
sible in the unopened but full-grown flower-bud ; this, among 
other things, will bnng to view the mstivation, (Fig. 351, 386, 398, 
&c.) Not rarely fruit and seeds are to be had at the same time, 
or upon the same specimen, and tliese are equally to be investi- 
gated. In fresh seeds, even those of minute size, the embr^^o 
may almost always be extracted or brought to view under the 
microscope, either by tearing away the seed-coat witli needles or 
by sections with a keen knife. When hard and diy, they have 
only to be soaked or slightly boiled. 

774. Diagrams and also sketches of the parts should be made, 
such as those referred to in the foregoing paragraph. Such 
diagrams can be drawn by any one with a little practice ; and 
they may be made to express the whole floral structure, even to 
the coalescence and adnation,^ But in tlie process of determinar 
tion the student should beware of trusting wholly to his diagrams 
and sketches without direct veriflcation. 

775. Dried specimens, when well prepared and in sufficient 
abundance, in the hands of a skilled botanist are in most cases 
but little inferior to fresh ones. When needed, flowers, or clus- 
ters of blossoms, or fruits may bo detached and prepared for 
examination and dissection by somewhat prolonged soaking in 
warm water or by a short immersion in boiling water. This re- 
stores flower-buds and small flowers and fruits, or their parts, to 
a condition not essentially unlike the living state. Consequently, 
the Herbarium or Hortus Hccu$ of the botanist is to Mm more 
essential than the botanical garden, impoxtant as that may be. 

776. Herborizing*^ The collector’s outfit will essentially con- 
sist of a VcLScuhm or botanical box, a Portfolio^ a Trowel^ a pocket 
LeuB, and a small but stoutly covered JSfote-hooh KSomo use a' 
portfolio only, others the botanical box ; but on a long excursion 
it is well to have both. The former is preferable in most cases, 
except when specimens are collected for the immediate use of a 


1 See Richler’s Bluthendiagramme (Leipsic, 1872, 1878), an admirable 
work, which may serve as a model. 

^ These articles, from paragraph 776 to 802 inclusive, were obligingly pre- 
pared, at the author's request, by Ltmah H. HoYSasAUT, of Rne Plains, 
New York. They form an abstract or a new edition of a series of notes on 
the subject which were published in the Bulletin of the Torrey Botanical 
Club, in the year 1878. 
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class. When well stocked with paper, it is of almost unlimited 
capacity ; and most plants of delicate texture (as many of the 
smaller aquatics, and those with fugacious or delicate corollas) 
need to be consigned directly to the paper in which they are to 
be pressed, and to be kept meanwhile under some pressure. 

777. The Vasculum is very useful for holding plants that are 
to be examined fresh, and for thick roots, large fruits, &c. It 
is made of tin, and should be of oval-cylindiical shape, about 17 
inches long and 4 by 6 inches wide, and provided with a light 
strap to throw over the shoulder. The lid opens nearly the 
whole length of one of the flat sides (15 by 4^ inches, With one 
fourth inch lap) , is made to flt as close as possible, and fastens 
by a simple spring catch. When no portfolio is used, a larger box 
may be required. Plants may be kept fresh in such a box for 
many days. For a several-da^'s excursion, when it is desirable to 
bring home a large number of fresh plants, a tin chest, made some- 
what after the pattern of an old-fashioned trunk, will be found 
ver^’ convenient. It should be about 21 inches long, 10 inches 
. wide, and 10 inches high to the top of the convex and hinged 
lid, which forms the whole top, and to which a handle is fitted. 

778. A good form of Portfolio is made of two pieces of binder’s 
board covered with enamel cloth, and fastening together with two 
long straps with buckles. Handles similai* to those on a carpet- 
bag ma}' be attached for carrying. The usual size of portfolio 
is 18 by 12 inches, but IGJ by llj inches ma}" be better, as 
there would then be little danger of making specimens of too 
great length for the herbarium. (784.) Or the back may be of 
soft leather, an inch or so in width, and a light sti-ap and buckle 
at the front edge and at each end. The portfolio should contain 
a good quantity of folded sheets of thin unsized paper, similar 
to grocer’s tea-paper, and of a size only a little smaller than the 
sides of the portfolio. Very thin manilla paper, or what is so 
called, is excellent for this purpose, being suflficiently bibulous 
and rather strong. 

779. The specimens as soon as gathered should be laid neatly 
in these folded sheets (called specimen sheets ) , and kept under a 
moderate pressui'e in the portfolio. The sheets with the spec- 
imens are afterwards transferred to the home press, but the 
specimens should be left continuously in their sheets through all 
the changing of driers, until cured. Indeed, the specimens may 
well remain in the sheets after drying, until wanted for mounting 
or for exchanging. For fine specimens, the use of this specimen 
paper is v&cy important. Many plants are so extremely delicate 
and sensitive that they will not bear the least handling without 
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curling and shrivelling, unless thus enclosed : also without these 
sheets much time is lost in transferring small specimens one b} 
one from one driei to another in the drying process. 

780. For digging up roots, bulbs, &c., a small and sharp 
pointed triangular Trowel or stout knife will answer. One of 
tlie best “diggers” is made from a large file. Let a black- 
smith bend the lower half of the blade to a gentle curve, so that 
the point will be about an inch out of the true line. Grind off 
the teeth and re-temper the blade. The total length with 
handle, which is over one third, should be about twelve inches. 
A leather case may be made for convenience of carriage. The 
advantages of this strong tool are many.^ 

781. A Nofe-hooh should be carried upon every excursion, in 
which the station of rare plants, dates, colors, and various [lar- 
ticulars which cannot be learned from the specimens, may 
be recorded on the spot, instead of being left to uncertain 
memory. 

782. For most plants, the best time for collecting flowering 
specimens is in the morning, soon after the dew has disappeared. 
Vespertine flowers have to be secured earlier, or at nightfall. 

783. Care should be taken to have the specimeix^f the proper 
size, neither too small nor too large, and to comprise all that is 
necessary for complete botanical illustration, — flowers, fruit, 
and leaves, both cauline and radical when possible. Inex- 
perienced botanists suppose that a small sprig, containing a 
flower or two with a few leaves, will answer all purposes as a 
botanical specimen ; but later he comes to know better, and also 
learns that the flower is only one of the component parts of a 
specimen, and not always the most important one. In various 
genera and orders, the fruit is the most distinguishing character- 
istic, as with the Potamogetons, the Cruciferte, the Umbellifeme, 
and the C^’peracese, With many plants the radical-leaves, with 
others the character of the subterranean stem, whether a rootstock, 
tuber, conn, or bulb, or of the root itself, whether annual, bien- 
nial, or perennial, becomes impoitant. Consequently, all the 
organs have their value in an herbarium specimen, and each and 
all should receive due consideration from the botanist when col- 
lecting. Specimens may be often secured that exhibit both 


1 [There is an English herborizing trowel of excellent quality, with blade 
six or eight inches long, less than two inches wide, the sides slightly in- 
curved, the stout shank an inch and a quarter wide, and on© sixth of an 
inch thick; this forms the whole back of the handle, the front of which is 
a piece of lignum vitse riveted fast to the steel. It is nearly impossible to 
break it] 
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flowers and fruit in the same plant, or fruit may be frequently 
obtained from more advanced plants at the same time. If not, 
fruit must be collected later, as in case of shrubs and trees, of 
which generally only a branchlet with flowers, or with flowers 
and leaves, can be gathered first. But subsequently the fruit 
and mature leaves, should always be taken, if practicable, from 
the same individual as the fiowers. Of dioecious shrubs or 
trees, like the Willows, each species should be represented hy 
four pieces : first, the sterile and fertile catkins will have to be 
obtained, and the respective individuals marked, so that later 
corresponding twigs with mature leaves, stipules, ahd fniit may 
be gathered, and the specimens rightly matched. 

784. A specimen should be so arranged as to be no larger 
when pressed than can be neatly mounted on the herbarium 
paper. A slender plant not over three feet in height should 
generally be preserved entire, root and all. This can be done 
by bending or partially breaking it at one, two, or three places, 
and doubling so that the sections will not rest upon each other 
in drjing. If broken twice, it may be neatly arranged in the N 
form when put in portfolio. Very large herbaceous plants will 
have to be divided and the parts presented separately, or, better, 
take a suitabf? portion of the upper stem, having leaves, flowers, 
and fruit, and a convenient part of the lower stem containing 
radical leaves and with it suflScient root to show whether the 
plant is an annual, biennial, or perennial. Thick stems, roots, 
tubers, bulbs, and the like, should be divided or thinned down 
with a knife, but in such a manner that the original shape can 
be easily made out. 

785. Carices should be always collected when the fruit is full- 
grown, but not so ripe as to fall away. So also should other 
Cyperaceee ; yet it is well to collect also earlier specimens of 
these in flower. Grasses, on the other hand, should generally 
be collected soon after they come into blossom. For when 
jmature the spikelets in many species break up and fall away in 
diying. The culm, leaves, and root of Sedges and Grasses 
should be preserved, as well as the inflorescence. The root is 
no less important. Cespitose species should be so collected and 
preserved as to show the tufted character. The culms of most 
sedges and grasses act stubbornly when bent for arrangement 
in portfolio or press, and are not disposed to stay in place. This 
difficulty is promptly remedied by crushing with the teeth the 
angles made by the bending. Or these may be thrust through 
slits of paper. In drjdng Sedges and Grasses, very moderate 
pressure should be employed. 
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786. Some aquatic plants (Algae especially) are so soft and 
flaccid that, to secure them in their proper shape, they must be 
placed in clear water and floated out b}" inserting beneath them 
the paper on which the}^ are to remain permanentl}", either the 

, regular mounting paper, or a tliinner white paper which when 
dry can be pasted on the herbarium sheet. If likely to adhere 
to the sheet or drier above them in the press, a piece of oiled or 
steaiine paper may be laid directly on the specimens to prevent 
their sticking. Also viscous or glutinous plants which are liable 
to adhere to the sheets enclosing them may be sprinkled with 
L^’copodium spores, powdered soapstone, or some similar sub- 
stance. 

787. The name of the plant if known, but b}' all means the 
locality and date of collection, with any other descriptive re- 
marks regarded necessary, should be written on a ticket or on 
the sheet when it is put into the press. Never omit to record 
the time and place of collection, as a specimen of unknown dale 
and locality loses much of its value and interest. 

788. Drying Specimens. The chief requisite for good herba- 
rium specimens is the extraction of the moisture from the green 
plant as rapidly as possible under a pressure which obviates 
brittleness. This is to be affected by pla(‘ing life thin shee1rf» 
containing the specimens between layers of bibulous paper, called 
driers^ and applying moderately strong pressure to the pile. 
For driers nothing can be better than thick blotting paper, 
except that it is too expensive, and the same may be said of 
an English drying paper made for the purpose. Equally good 
driers are made of the thick and felt-like brown paper which, 
after saturation with coal-tar, is here largely used under tlie 
clapboards of wooden houses and under slate-roofing. It is a 
cheap material, and is to be obtained, cut into sheets of 18 by 
12 inches. Or driers may be made of old newspapers or of any 
soft wrapping paper, cut or folded to the proi)er size, and 
stitched (very expeditiously by a sewing-machine), or joined by 
eyelet paper-fasteners at two corners, in packages of a dozen or 
more leaves to a drier. It is well to have a large supply of driers 
and specimen-sheets ready for use. 

789. A half dozen or more pieces of thin boards, 18 inches 
long and 12 inches wide, should be provided. They are used 
at the top and the bottom of the pile when pressing, and also 
for dividing it into suitable sections, especially for separating 
the packages of plants which wore put into press at differenir 
periods, and dividing up these packages themselves, if too large. 
For the plants dry better in small sections and with the pressure 
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several hours afterwards. The stubbornness and elasticity, so 
troublesome in specimens when first put in, will then have 
mostly disappeared, and the whole specimen vill be found suffi- 
ciently flaccid to have every part sta}' as arranged. If this first 
change is deferred longer than ten or twelve hours, the speci- 
mens of many species become too diy for making the alterations 
required. At this time small pieces of bibulous paper may be 
placed between leaves, or other portions of the plant which over- 
lap, to prevent moulding or discoloration, and to hasten drying. 
It is well to change these fragments of paper with the driers for the 
first da}" or two : afterwards they may remain with no detriment. 

793. To have the specimens retain their natural color and 
general appearance, they should be dried as rapidly as possible ; 
and this result is best secured by frequent changing of the driers. 
These should be changed at least once a day for the first four or 
five days, and afterwards every other day, until the specimens 
are thoroughly dried. But a marked improvement in the speci- 
mens will result from more frequent changes during the first 
day or two. The first day with Grasses, Sedges, and their allies, 
and the first two days with most other plants, are of more impor- 
tance than all the subsequent time. As an experienced collector 
declares : “ Two or three changes of the driers during the first 
twenty-four hours will accomplish more than a dozen changes 
after the lapse of several days. The most perfect preservation 
of the beautiful colors of some Orchids has been effected by 
heating the driers and changing them every two hours during 
the first day.” 

794. Heated driers are very efficient ; and the best mode of 
heating is to expose them to the sunshine, and bringing them in 
hot to make the change at once, or as soon as possible. 

795. The number of driers interposed between the specimen- 
sheets should depend upon the plants and the frequency of the 
changes : two will suffice when the driers are changed very often ; 
but more must be employed when the plants are thick and succu- 
lent. Uniform pressure may be secured with large and coarse 
plants by placing strips of pasteboard or pieces of cotton-bat- 
ting about the sides of the package. Ringlets of cotton may be 
placed about some of the larger flower-lioads of the Compositae, &c- 

796. The time required to dry specimens varies with different 
species and with the season : it depends also on the frequency 
of the changes and the temperature of the driers. By changing 
daily, the time is usually from four or five days to a week. But, 
with two changes a day for the first day or two and with heated 
driers, the process may be completed in half the usual time, ana 
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the specimens will be in much finer condition. An experienced 
collector has no difficulty in ascertaining whether a plant is com- 
pletely cured or not, while to a novice it is often a matter of 
uncertainty. A thoroughly dried plant can be usuall}" told by 
its peculiar hay-like rattle when disturbed ; also by placing the 
plant against the cheek. If there is a sensation of coolness, the 
plant is still moist. 

797. If the thick leaves of flesh}’ plants are immersed for 
a few moments in hot water, the period of desiccation will be 
greatly hastened ; but they frequently turn dark as a conse- 
quence of the immei'sion. The drying of such plants, and 
particular!}" of the Monocotyledons, may be advantageously ex- 
pedited by placing them between several driers and ironing them 
with hot irons. Small plants may be very neatly dried in old 
books. Very beautiful specimens may be made by placing the 
plant in a tall and narrow vessel, and pouring over it a sufficient 
quantity of clean and dry sand. When the moisture is absorbed, 
it may be flattened in a press. 

798. In shifting the driers of a collection, place the package 
to be changed at the left hand on the table or counter, the new 
pile in front with its length parallel to the person, — a position 
the most favorable for giving any needed attention in arranging 
specimens, — while fresh driers may be placed at the right hand, 
or beyond the pile in front. Thus arranged, the sheets of speci- 
mens can be rapidly shifted into their fresh driers. 

799. The moist driers may be spread out in the sunshine to 
dry, or strung on a line in a warai room, or in the open air, if 
not too windy. Very moist diders may be thoroughly dried 
within an hour, if spread in the hot sunshine. In inclement 
weather, they must be dried by the fire. 

800. To recapitulate the most important points in good speci- 
men-making: Use specimen-sheets to hold the plants undis- 
turbed during the whole process of dr}dng : use plenty of the 
most bibulous driers, sun-dried and heated when practicable : do 
not make the piles too large : make the first shift of driers within 
a few hours, at that time making all needed adjustment of the 
flaccid specimens : change the driers twice a day for the first 
day or two. 

801. For collecting and preserving specimens on a journey, 
or when moving from place to place, some modification of the 
stationary press is requisite. The Travelling-press must be porta- 
ble : accordingly the pressure is applied by strong leather straps 
with buckles. There should be three straps, one girding the 
package around each end, and one lengthwise. The top and 
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bottom, if of thin boards, must be cleated, or compounded of 
wood with the grain in opposite directions, or very stout binder's 
board or trunk-board may be advantageously used. This should 
be covered with coarse cotton or linen cloth, glued fast and well 
painted. While stationary, the pressure may be given by means 
of weights when more convenient. 

802. The Wire press^ now much in use, is a press of this porta- 
ble kind, in which the boards are replaced b^’ sheets of wire net- 
ting, with wide meshes, and suiTounded and strengthened by a 
strong but light iron border. Straps with buckles are used to 
hold the parts and contents together and to apply the pressure, 
as in the ordinary travelling-press. Besides its portability, the 
advantages of such wire presses are that, in a small way, they 
may seive both as portfolio for collecting and as press for dry- 
ing ; also that, as the dr^dng takes place mainly by evaporation 
instead of absorption, much less paper is required, and the trouble 
of changing the driers is saved. ^ In fair weather, the press filled 
with plants may be hung in the wind or sunshine, in foul weather 
near a fire. The disadvantage is that specimens dried in this 
way are apt to be brittle. To use this sj'stem advantageously, 
the botanist should have at least two such presses in operation, 
one for collecting, while the other is in use for drying. 

803. Poisoning. Dried specimens are liable to the depreda- 
tions of certain insects, especially of their larvse. The principal 
pest is a small brown beetle, Anobium paniceum, L. ; the perfect 
insect does considerable damage, the larva vastly’ more. Plants 
with milky juice, such as Asclepiadese, Apoc 3 macefle, and Eu- 
phorbiaeere, those containing bitter principles, such as Gentians 
and Willows, and generall}^ such plants or such organs as con- 
tain much protoplasm or azotized matter, are most subject to 
attack. Ranunculacese, Umbelliferee, and Compositse are seldom 
spared ; while Labiatse mostly" escape, probably on account of the 
volatile oil which they contain. Even Fenis are liable to have the 
parts of fructification eaten awa^’. To a certain extent, the im- 
pregnation of the herbanum-cases with camphor, naphthaline, 
or strong-scented oils, may exclude the vermin. But safety is 
secured only by poisoning. 

804. The proper poison is corrosive sublimate, dissolved in 
strong (95 per cent.) alcohol. Drop into the alcohol as much oor- 


1 Prof. A. Wood seems to have been the first to call the attention of 
American botanists to this system, which he has earnestly advocated. 

An improved form of this wire press, well adapted both for collecting 
and pressing in moderate quantity, is made and sold, at a small price, by 
Paul Roessler, optician, at New Haven, Connecticut. 
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rosive sublimate as it will take up, then add a trifle more of alcohol, 
so as to keep the solution just below the point of saturation. 
The stronger the solution the better, except that, at full satura- 
tion and where copiously used, an efflorescence may sometimes be 
left on the surface of the poisoned specimens upon the evapora- 
tion of the alcohol- Some add to the solution some carbolic 
acid, at the rate of a fluid ounce to each quart of alcohol. The 
solution may be applied with a soft brush (one with no metal in 
its fastening), or by a dropping bottle, or even the specimens 
may be dipped in the solution placed in a flat porcelain dish. 
The brush (using a prett}’ large and soft one) is the most cou- 
venient and efficient. The moistened specimens should be placed 
between driers and in shallow piles until the alcohol evaporates. 

805. Thoroughly’ poison all specimens before admitting them 
to the herbarium. It is well to poison all specimens whatever, 
as soon as they are made or at the close of the botanizing sea- 
son, as well tliose intended for exchanges as for the collector’s 
own herbarium. 

806. Keep all specimens between sheets of paper, or within 
folded sheets, not too crowded or overlaid, away from dust, and 
in a perfectly dry place, so as to avoid mould. When attacked 
by mould, the corrosive-sublimate solution should be applied. 
A properly dried specimen, duly cared for, should be as lasting 
as the paper which holds it. 

807. The Herbarium, called by the earlier botanists Rortus 
Siccus^ is a collection of dried specimens, named and systemat- 
ically arranged. It is indispensable to the working systematic 
botanist, and every devotee of botany should possess, or have 
access to an herbarium containing I’epresentatives of the plants 
of the immediate vicinity or district, if not of the whole country. 
Or an herbarium may be restricted to a particular family of 
plants, made the object of special study. A general herbarium 
should contain specimens representing all the natural orders and 
as many of their genera and species as possible. 

808. The form of the herbarium as to the size of its sheets is 
considerably variable. That of Linnaeus is of the size of foolscap 
paper: this would now be universally regained as much too 
small. The principal British herbaria adopt the size of 16 by 
10 J inches, which is rather too narrow, rarely permitting two* 
specimens of the same species of any considerable size to be 
placed side by side on the same sheet. In the United States, 
164 inches in length by 11| in width is adopted ; that is, for the 
genus-covers, the species-paper being a quarter of an inch nar- 
rower* 
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809. The specimens representing each species may either he 
laid within a doubled sheet, loosely (as in some Eui’opean her- 
baria), or fastened in place by narrow slips of gummed paper 
(which is much better) , or else they may be glued bodily to 
single sheets of sti*ong and stiff white paper. 

810. The former is an excellent plan for a limited collection. 
It IS an advantage that a specimen can be taken up and examined 
on all sides ; also, that indifferent specimens can at any time be 
exchanged for better ones. But a large herbarium on this plan 
becomes cumbrous and inconvenient for ready reference and 
compaiison. 

811. The best plan in a large herbarium, and one much to be 
consulted, is to attach the specimens completely, by any kind 
of strong and light-colored glue, to single sheets, or rather half 
sheets. The specimens are thus safe from injury under reason- 
able handling, and can be turned over and examined with as 
much facility as a series of maps or engravings. The species- 
paper should be of writing-paper stock, or of equal firmness, of 
compact textuic, well sized and calendered, and of a weight in 
size of 16 J by llj inches of about 18 pounds to the ream of 
480 fiat sheets. The paper should be furnished square-cut on 
all sides, in the manner of “flat cap.*^ Stiffness is the great 
desideratum. 

812. In no case should more than one species be knowingly 
attached to the same sheet. But of very many species there will 
be room for more thai\.one specimen. And specimens from dif- 
ferent localities, of different forms, and in various stages of 
flowering and fructification, are always desirable. The full name 
of the plant should be written at the lower right-hand corner of 
the sheet, or a ticket should there be attached by glue or traga- 
canth paste. Each specimen should have its ticket, similarly 
attached, or a memorandum upon the sheet, indicating the hab- 
itat or the special locality, date of collection, name of collector, 
and any other desirable information which the specimens them- 
selves do not furnish. When there are loose flowers or fruits, or 
when any of these have been detached for dissection and micro- 
scopical investigation, it is well to preseiwe them, placing them 
in little paper pockets or envelopes and pasting these upon the 
sheet close to the specimen to which they pertain. Sketches of 
parts dissected may be drawn upon the sheet. Notes and mem- 
oranda received with the specimen or too extended to be entered 
ui)on the sheet may be folded, inserted in such envelopes, and 
made fast to the sheet. Many botanical collections are distrib- 
uted with printed tickets. These, and all authenticating tickets 
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or notes, should be attached to the sheet near to the specimen 
they belong to. In view of this, printed and written tickets 
should be of small size.^ A ticket which exceeds four by two 


1 All printing on an herbannm ticket should be m plain type , and fancy 
borders, uselessly occupying room, should be avoided. If any border 
thought needful, it should be of plain lines It is not desirable to parcel out 
the space on a ticket with separate lines and headings for habitat, date of 
collection, time of flowering or fruiting, name of collector, and the hke. 
These particulars may conveniently be entered at the bottom or top of the 
ticket, as may be convenient, leaving the rest of the space free for the name 
of the plant, the authonty, and perhaps a synonym. 

Tickets for specimens distributed among other botanists may well have a 
head-hne indicating the source, such as “ ex coll o. c parry,” or “ ex herb.” 
or, in English, " From the Herbarium of” the botanist who communicates 
the specimen. The following may serve as an example of a simple ticket 
for the sending out of dried specimens, and of the way in which the ticket 
may be filled out with the name of the plant, its habitat and station, name 
of collector and time of collection 


EX HEBS. A GRAY. 




For the botamst’s own herbarium, it is well to use a blank ticket with a 
printed heading like the specimen above, but with the ** ox ” omitted. . 

When a considerable collection is made in any particular botanical explo- 
ration or excursion, and numerous or several specimens of the same species 
are gathered, to be distributed among botanists in the way of exchange or 
otherwise, these are commonly given out under numbers and with a printed 
heading to a special ticket The following is an approved form of such a 
ticket, and of the mode in which it may be filled up in writmg by inserting 
the name of the species, the locality, dc. 


Alpine Flora of the Rocky Mountains. 
Coll C C PARRY. xSTa. 

No. 

Colorado, ^ 

^ — (Li— 
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inches is a nuisance ; and those of an inch and a quarter or an 
inch and a half in width and three or four inches in length ai’e 
most commodious. 

813. The sheets of all the species of the same genus, when 
not too numerous, or of a particular section of it, or any conven- 
ient number, should be consigned to one genus-cover. The best 
genus-covers are of manilla-rope paper, the “ bleached manilla ” 
such as that of which tags are made is the neatest aiticle, but 
rather more expensive : they are in whole or folded sheets (pref- 
erably in quarter quires) , accurately trimmed at top, bottom, 
and front edge to the size of 16^ b}" 11£ inches; that is, the 
folded sheet as used is a trifle longer and a quarter of an inch 
wider than the species-sheets it holds. The sheets to be firin 
enough should weigh or 1| ounces each, or ft'om 45 to 52 
pounds the ream. The generic name should be wntten in a bold 
hand on the lower left-hand comer ; that is, on the upper face next 
the back : at or neai* the lower right-hand comer, the name of the 
contained species may be written either with a pencil or in ink. 

814. The genera should be aiTanged in tlie herbarium accord- 
ing to some systematic work, and numbered accordingly on the 
covers. 

815. The herbarium must be preserved in dose cabinets or 
cases free from the access of dust. Tin cases, just deep and 
wide enough to receive comfortably the genus-covers, and about 
six inches high, tlie hinged lid being one end, may be recom- 
mended for a small collection, as they are dust and insect 
proof, are portable, and may readily be arranged on shelves. 
But, for any herbarium of considerable size and continued growth, 
wooden cabinets with well- fitted doors are to be preferred ; the 
interior of the cabinets being divided into pigeon-hole compart- 
ments, fully 12 inches wide in the clear and 17 inches deep, and 
not over 6 inches or in small herbaria not over 4 inches high. 
Into such pigeon-holes, the genus-covers with their contents will 
slide readily, and may be compactly stowed away. An index 
to the genera of each order may be affixed to the interior of the 
cabinet doors, or pasted upon the upper face of thin boards, 
inserted at the beginning of each order. The name of the order, 
written or printed in bold letters, may be pasted upon the front 
edge of this board, or upon a flap of card-board affixed to it. 
Moreover, it is well to write the name of the order upon each 
genus-cover. 

816. Except in public collections, where fixed cases may be 
preferred, the cabinets should individually be small, only three 
or four feet high, and containing only two or four vertic^ rows 
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of compartments. Such cabinets can be increased in number as 
required, are portable, and can be disposed in any order, side by 
side or one surmounting another, as may be most convenient. 
The doors should be so constructed as to open and shut readily, 
but to close tightly, so as to exclude dust and insects.^ 


1 An excellent plan for small and inexpensive herbarium cabinets, of a 
portable character, is proposed and illustrated by Dr. Parry, in the Amencan 
Naturalist, viii 471 Each small case is in fact a plain wooden box, wide 
enough to hold two tiers of pigeon-hole compartments, and of any desirable 
height (three compartments high in Dr. Parry's plan, but double the number 
might be better) . the entire front consists ot a pair of doors meeting in the 
centre, there fastened by a flush spring catch; the doors bevelled on the inside, 
with a corresponding bevel on the case, to which they are attached by out- 
side hinges, so that in opemng at a right angle there are no sharp corners to 
hinder the drawing out of the herbarium papers ; also allowing the cases 
to stand close side by side, as well as one upon another, without interfering 
with the free opening of the doors. These, moreover, may swing quite back 
against the sides without m any way straining the hinges. For lifting, a 
pair of flush handles, countersunk to the level of the wood, may be attached 
to the sides When the herbarium has to be removed to a distant place, 
these cases, havmg no projectmg knobs or handles, will go readily into ordi- 
nary packing-boxes. 
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1. OF NAMES OF BOTANISTS AND BOTANICAL AUTHOES. 


Ach =s Acharius. 

Adam Adanson. 

Afz. AfzeliiiB. 

Ag. Agardh 

C, Ag, 0 A Agardh. 

^ 7 ^ 1 

Alt Alton. 

AU AUioni. 

Amm, Amman. 

Anders, Andersson of Stockholm. 
Andr. Andrews. 

Andrz, AndrzejowskL 

ArescL Areschoug. 

Am, Amott. 

Arrh, Arrhenius. 

Asck, Ascherson. 

AuU. Aublet. 

Bab. Babington. 

Bail. Baillon. 

Balh. Balbis 

Baldw. Baldwin. 

Balf. Balfour 

Bam. Bamdoud. 

Barr. Barrelier. 

Bart. Beuj. Smith Barton. 

^ W Bart. W“ P C. Barton, nephew. 
^ Bartr. John Bartram. 

Bartr.f. Wm. Bartram. 

BauL Bauhm. 

Beauv. Palisot de Beauvois. 

Benj. Benjamin 

Berm. J J. Bennett. 

A. Berm. A. W. Bennett 

Benth. Bentham. 

Berg. Bergius. 

Berk. ' ■ M J. Berkeley. 


Berkh. = 

Berkhey. 

Berken. 

Berkenhout 

Berland. 

Berlandier. 

BemL 

Bemhardi. 

Bert 

Bertero. 

Bertd. 

Bertoloni 

Bess, 

Besser. 

Bieb. 

MarschallvonBieberstein. 

Bigel. 

Jacob Bigelow. 

Bisch. 

BischofC 

Boehm. 

Boehmer. 

Boerh. 

Boerhaave. 

Boiss. 

Boissier. 

Boland. 

Bolander. 

Bong. 

Bongard. 

Bonjpl, 

Bonpland. 

Bark. 

Borkhausen. 

Barsz. 

Borszcow. 

Brack 

Wm. D. Brackenridge. 

Brebis. 

Brebisson. 

Bref. 

Brefeld. 

Brew. ^ ] 

1 W. H Brewer & Sereno 

WaJts. i 

) Watson. 

Brid. 

Bridel. 

Brong. 

Brongniart. 

Brat 

Brotero. 

Brouss. 

Broussonet. 

Br.f JR, Br Robert Brown. 

P. Br. 

Patrick Browna 

Brvnf 

Brunfels. 

Buck 

Buckley. 

Bull. 

Bulliard. 

Burm. 

Burman. 

Buxb. 

Buxbaum. 

Cam. 

Camerarius. 

Camh ] 
Cambes. j 

^ Cambessedes. 


26 
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Campd, =s= 

Campdera. 

Cand. 

DeCandoUe, usually DC. 

Gasp. 

Caspary. 

Cass. 

Cassini 

Catesb. 

Catesby. 

Cav. 

CavanUles. 

Cerv. 

Cervantes. 

Cham 

Chamisso 

Chapm, 

A W. Chapman. 

Chau. 

Chavannes. 

Chois. 

Choisy. 

Clayt. 

Clayton 

Clus. 

Clusius. 

CoUad. 

CoUadon. 

Colm. 

Colmeiro 

Comm. 

Commelin. 

Com. 

Cornuti. 

Coss. 

Oosson. 

Cunn. 

Cunningham, A. or J. 

Curt. 

Wm Curtis. 

M.A.Curt. M. A. Curtis. 

DcdecL 

Dalechamps. 

Dalib. 

Dalibard. 

Dari. 

Darlington. 

£>(J. j 

DeC. j 

^A.P DeCandoUe. 

A. DC. 

Alphonse DeCandoUe, son. 

Cos. DC. 

Casimir DeCandoUe, the 

Decne. 

Decaisne [grandson. 

Deless 

Delessert. 

Dermst, 

Dennstedt. 

Desc. 

Descour tilz. 

Desf. 

Desfontaines. 

Desj. 

Desjardins. 

Desmar. 

Desmazihres. 

Desmoid. 

Desmoulins. 

Desu. 

Desvauz. 

Dicks. 

Dickson. 

Diesb. 

Diesbach. 

Dieter. 

Dieterich. 

Dietr. 

Dietrich. 

DiU 

Dillemus. 

DiUw, 

Dillwyn 

Dod 

Dodonseus (Dodoens). 

DOrb. 

D'Orbigny, 

Dorst 

Dorstenius. 

Dougl 

Douglas. 

Drej. 

Drejer. 

Dryand. 

Dryander 

^>. 

Dufresne 

Duham. 

Duhamel du Monceau. 

Dumort. 

Dumortier. 

Dun. 

Dunal. 


Eat. ss= 

Amos Eaton 

D.C.Eat. 

D. C Eaton, grandson. 

Edgew. 

Edgeworth. 

Edu). 

Edwards 

Ehren 

Ehrenberg. 

Ehrh. 

Ehrhart 

Eichl 

Eichler. 

Eiseng. 

Eisengrem. 

EU. 

Elliott 

Endl. 

Endhcher. 

Engelm 

Engelmann. 

Engl. 

Engler 

Eschs. 

Eschscholtz. 

Eschw. 

Eschweiler. 

Ettingsk. 

Ettmgshausen. 

Fendl 

Fendler 

Feud. 

EemUde 

Fvngerh. 

Fmgerhuth. 

Fisch. 

Fischer. 

Forsk. 

Forsk&L 

Forst. 

Forster. 

Foum. 

Fournier. 

Fresen 

Fresemus. 

Frege. 

Freycmet. 

Fred. 

Froslich. 

Gcertn 

J Gsertner. 

GoBrtn./. 

C T Gssrtner. 

Chadn. 

Gardner. 

Chrid. 

Garidel. 

Gasp 

Gasparrim. 

Gaud. 

Gaudin. 

Gaudich. 

Gaudichaud. 

Germ. 

Germain. 

Gesn. 

Gesner. 

GUib. 

GiUbert. 

Giruf 

Gingins de Lassaraz. 

Gis 

Giseke. 

GUd 

Gledltsch. 

Gleich. 

Gleichen. 

Glox 

Gloxin 

Gmel 

J. G Gmelin. 

C Gmel. 

C. C GmeUn of Badenu 

S. Gmel. 

S G. Gmelin. 

Godr. 

Godron. 

Goepp. 

Goeppert 

Good. 

Goodenough. 

Gren 

Grenier. 

Grev 

Greville. 

Griseb. 

Grisebach. 

Green. 

Greenland. 

Gron. ) 
Gronov. 1 

^ Gronovius. 
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GvAtt. s= Guettard. 
Guih Guibord. 

GadUm. Guiilemin. 
Guimp. Guimpel. 


Gumi 
Gu8S, 

Hagenb. 

HaU. 

Ham, 

Hanb, 

Hanst. 

Hattm, 

Hartw, 

Harn. 

Hass, 

Hassk 

Haitsm, 

Ham, 

Hebens 

Hedm 


Gunnerus. 

Gussone. 

Hagenbach. 
Haller. 
Haimlton. 
Hanbury. 
Hanstem. 
Hartmann. 
Hartweg 
Harvey. 
Hassall 
Ha&skarl. 
Hausmann. 
Hawortb. 
Hebeustreit. 
Hedwig 


Jacq = N J. Jacquin. 
Jacg.f J. F. Jacquin, son. 

J, St, HU, Jaume St. Hilaire. 
Jotd, Jordan. 

Tigh Junglmlin 
Jiiss, A L. Jussieu. 

Adr, Ju88 Adrien Jussieu, son. 


Kcsmp, 

Karst, 

Kaulf 

Ktndb, 

Kiischl 

Kit, 

Kcdr, 

Korth 

Kostel. 

Kremp. 

Kiomb. 

Kuetz, 


Ksempfer. 

Karsten. 

Eaulfuss. 

Kondberg. 

Kirschleger. 

Eitaibel. 

Koelreuter. 

Korthals 

Kosteletzky. 

Krempelhuber. 

Krombholz. 

Euetzing. 


JJetjdm, 

Heyetsch 

Hegeltiiaier. 

Hegetschweiler. 

L, 

Linnmus. 

Heist, 

Heister. 

LabUl. 

La Billardibre 

Heldr, 

Heldreich. 

Lmst. 

Xissstadius. 

Helm. 

Helwing. 

Lag, 

Lagasca. 

JSemsl, 

Hemsley. 

Lad. 

Lallemcnt. [Marck) 

Henck, 

Henckel. 

Lam. 

Lamarck (Monnet de La 

Henfr, 

Henfrey. 

Lamb, 

Lambert. 

Hend, 

Henslow. 

Lamovr, 

Lamouroux. 

Herb 

Herbert. 

Langsd, 

Langsdorf. 

Henn, 

Hermann. 

La Peyr 

La Feyrouse. 

Hild 

Hildebrand. 

LaPyl, 

La Pylaie. 

Hochst, 

Hochstetter. 

Ledeh. 

Ledebour. 

Boffm, 

G. F HojSmann. 

Lekm, 

Lehmann. 

jH, Hoffm, Hermann HofEmann 

L&m. 

Lemalre. 

i?b^/nanns.Ho£Emannsegg. 

Lesq. 

Lesquereux. 

JHofm, 

Hofmeister 

Less. 

Lessing. 

Hohen, 

Hohenacker. 

Lestih, 

Lestiboudoia. 

Holmsk, 

Holmskiold. 

LAo. 

LeVeillc. 

Homb, 

Hombron. 

VHer 

L’Heritier. 

Hook, 

Wm J. Hooker. 

VHerm. 

L'Herminier. 

Hook,f, 

J. D. Hooker, son. 

Liebm, 

Liebmann, 

Hopk, 

Hopkirk 

Light/. 

LiUj, 

Lightfoot. 

Homem, 

Hornemann. 

Lilijeblad. 

Bomsch, 

Hornschuch. 

Lindh. 

Lindberg. 

Boisf, 

Horsfield. 

Lindhl, 

Lindblom. 

Boitst, 

Houston. 

Lxndenh, 

Lindenberg. 

Botdt, 

Houttuyn. 

Lindh. 

Lindheimer. 

Buds, 

Hudson. 

Undl. 

Lindley. 

Bueh. 

Huebener. 

Unn, 

Linnseus. Also L. 

Bvmb, 

Humboldt. 

lAnn.f. 

C. Linnseus, son. 

HBK, 

( Humboldt, Bonpland, and 

Lodd. 

Loddiges. 

( Kunth 

Lcejl. 

Loefling. 
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Loss, = 

Loeselius. 

Lois 

Loiseleur-Delongschamps. 

Loud, 

Loudon. 

Lout, 

Loureiro. 

Ludw. 

Ludwig. 

Luma. 

Luxnnitzer. 

Lyngb. 

Lyngbye 

Macf. 

Macfadyen. 

Macgd. 

MacGilUvray. 

Magn. 

Magnol [stem. 

M. Bieb. 

Marschall von Bieber- 

Marsh. 

Humpbrey MarshalL 

Mars. 

Marsili 

Mart. 

Martins. 

Mass. 

Massalongo. 

Mast. 

Masters. 

Maxim. 

Maximowicz. 

Med. 

Medikus or Medicus. 

Meisn. 1 
Meissn. 1 

^ Meisner or Meissner. 

1 

Meneg 

Menegldni. 

Menz. 

Menzies. 

Mert. 

Mertens. 

Metten. 

Mettenius. 

Midi. 

MichelL 

Michx. 
Mx. ! 

I* Andrd Michaux. 

Midix.f. 

F A. Michaux, son. 

Midden. 

Middendorff. 

Mid. 

Philip Miller. 

Mid. J. 

John S. Mueller or Miller. 

Miq. 

Miquel. 

Mirb. 

Mirbel. 

Much. 

John MitchelL 

MltL 

Mitten. 

Moq. 

Mo^ino. 

Mcik. 

Molkenboer. 

Mont. 

C Montagne. 

Moq. 

Moq.uin-Tandon. 

Mark. 

Moncand. 

Moris. 

Morison. 

Morr. 

Morren. 

Moug. 

Mougeot. 

Mued.Arg J Mueller of Argau. 

F. Muell 

Ferdinand Mueller. 

O.MueU. 

Otto Mueller of Denmark. 

Muhl. 

Muhlenberg. 

Munt 

Munting. 

Murr, 

J A. Murray. 

A. Mwr 

Andrew Murray. 

Nacc. 

Naccari 

Nceg. 

N»geU. 


Naud. = 

Naudin. 

Neck. 

Necker, 

Nees or ) 
NahE ) 

C. F Nees von Esenbeck. 

T. Nees 

T.F.L. Nees von Esenbeck. 

Nesd. 

Nestler 

Newb. 

Newberry. 

Nevm. 

Newman 

Noegg 

Noeggerath. 

Nois 

Noisette. 

Noid. 

Nordstedt. 

Not 

Notaris. 

Nutt. 

Nuttall 

Nyl 

Nylander. 

Nym. 

Nyman. 

(Ed 

GJder. 

(El St 

CErsted. 

Olio. 

Olivier. 

D. Oliv 

D Oliver. 

Orb. 

A. or C. d'Orbigny. 

Or^gh. 

Orphanides. 

On. 

Ortega. 

Oudem. 

Oudemans. 

P deBeauv.^shsot de Beauvois. 

Pall. 

Pallas. 

Panz. 

Panzer. 

Park. 

Parkinson. 

Pari. 

Parlatore. 

Pasq. 

Pasquale. 

Pav. 

Pavon 

Perl. 

Perleb. 

Pers. 

Persoon. 

Phdib. 

Philibert. 

Planch. 

J. E Planchon. 

G. Planch 

. Gustave Ranchon. 

Pick. 

Plukenet. 

Plum. 

Plumier, Lat. Plumerius. 

Poepp. 

Posppig. 

Poir. 

Poiret 

Poit. 

Poiteau. 

Pod. 

Pollich. 

Post. 

Postcls. 

Poixrr. 

Pourret. 

Pringsh. 

Pringshehn. 

Pntz. 

Pritzel. 

Putter. 

Putterlich. 

Pabenh. 

Babonhorst. 

Radik. 

Badlkofer. 

Raf. 

Bafinesque-Schxoalts. 

Rasp. 

Baspail. 

Red. 

Bedout^. 
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Z2eicA. sss 

Beichard. 

Scop. = 

Scopoli. 

Reichenh 

H. G L Beichenbach. 

Seem, 

Seemann. 

Reichenb.f. H G. Beichenbach, son. 

Sendt. 

Sendtner. 

Bisinw, 

Beinwardt, 

Seneb. 

Senebier. 

Reiss, 

Beisseck. 

Ser. 

Sermge. 

Retz 

Betzius. 

Seub. 

Seubert 

Reut, 

Beuter. 

SibtL 

Sibthorp. 

Rich 

L. 0. Bichard. 

Sieb, 

Sieber. 

Rich,/, \ 
A, Rich. } 

Achille Bichard. 

Sieb. 

SoLand. 

Siebold. 

Solander. 

Richards 

John Bichardson. 

Sow. 

Sowerby. 

Richt, 

Bicliter 

Sperm. 

Spenner. 

Ridd 

Bidden. 

Spreng. 

SprengeL 

Riv 

Bivmus. 

St&mb 

Sternberg. 

Roehl, 

Boehhng 

Steud. 

SteudeL 

Rom. 

J. J. Boemer. 

Stev. 

Steven. 

M. J. Rjom.yL J. Boemer. 

SuU. 

Sulhvant. 

Rom. ir 1 
Sch. ! 

^ Boemer & Schultes. 

Sw, 

Swartz. 

Rap. 

Boeper. 

Targ. 

Targioni-Tozetti. 

Rokrb. 

Bohrbach. 

Ten. 

Tenore. 

Rostk , 

Bostkovius. 

Thoms. 

Thomas Thomson. 

Rothr. 

Bothrock. 

ThuiU. 

Thuillier. 

Rotth. 

Bottboell. 

Thunb. 

Thimberg. 

Rotd. 

Bottler 

Thwrb. 

Thurber 

Roum. 

Boumegfere. 

Thwrm. 

Thurman. 

Roxb, 

Boxburgh. 

Tod. 

Todaro. 

Ray. 

Boyen 

Ton. 

Torrey. 

Rudb. 

Budbeck. 

Twr. fp GV.Torrey & A. Gray. 

Rupr, 

Buprecht. 

Toum, 

Toumefort 

TraU. 

Trattinick. 

Sacc. 

Saccardo. 

Traut. 

Trautvetter. 

Sadi 

Sadler. 

Treo. 

Treviranus. 

St. HU, 

A. Saint-Qjlaire. 

Trin. 

Tnnius 

Salisb. 

Salisbury. 

Tuck. 

Tuckerman. 

SalTnrDyck.'Bimce Jos. Salm-BifEer- 

Turcz. 

Turczaninow. 

Sauss. 

Saussure. [schied-Dyck. 

Turn. 

Turner. 

Schmp. 

Schimper. 

Turp, 

Turpin. 

Schk. 

Schkuhr. 



Schlecht 

Schlechtendal. 

VcM. 

Vaillant 

Schleich. 

Schleicher. 

VeiU. 

Veillard or Vieillard. 

Schomb. 

Schomburgh. 

Vauch, 

Vaucher. 

Sckrad. 

Schrader. 

Vent 

Ventenat 

Schrsh. 

Schreber 

vm. 

Villars, or ViUar. 

Schueb. 

Schuebeler. 

Vis. 

Visiani. 

SchvU, 

Schultes 

Vittad, 

Yittadini 

Schultz ] 

1 C. H. Schultz, Bipontiuus 

Fir, 

Viviani. 

Btp j 

I (Zweibrucken). 

Vog. 

T. VogeL 

Schum. 

Schumacher. 



Schmtd. 

Schnitzlein. 

WaJd 

Wahlenberg. 

Schwcegr. 

Schwsegrichen. 

Wahlst, 

Wahlstedt. 

Schwein, 

Schweinitz. 

Walds. 

Waldstein. 

Schweinf. 

Schweinf urth. 

Wad. 

Wallich. 

Schwjnd. 

Schwendener. 

WaUm. 

Wallman. 
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Wallr. = 

Wallroth. 

Wtldb. = 

Wildbrand. 

Walp. 

Walpers 

Wdld. 

WiUdenow. 

Walt. 

Walter. 

WM. 

Willkomm. 

Wang 

Wangenheim. 

Wils. 

Wilson. 

Warm. 

Warming. 

Wimm 

Wimmer. 

Wats. 

P. W Watson. 

Wisliz. 

Wislizenus. 

H.C.Wat8.lL. C. Watson. 

With 

Withermg 

S. Wats 

Sereno Watson. 

Woodv. 

WoodviUe. 

Web. 

Weber 

Wulf. 

Wulfen. 

Wedd 

Weddell. 



Weinm. 

Weinmann. 

2!cmard. 

Zanardini. 

Welw. 

Welwitsch. 

Zetterst. 

Zetterstedt. 

Wender. 

Wenderoth 

Zucc. 

Zuccarini. 

Wendl. 

Wendland. 

Zuccag. 

Zuccagini 

Wtks. 

Wikstrom. 




2. ABBREVIATIONS OF NAMES OF ORGANS AND TERMS 
USED IN BOTANICAL WRITINGS. 


JEst. JEstatOi m summer. 

^st, iBstivation. 

AU). Albumen. 

AntL Anther 
Art. ArtificiaL 

Auct., Auctt. Auctorom, of authors. 
Aut. Autumnal 

B. or Beat. Beatus, '*the late/^ re- 
cently deceased. 

Br. Bract. 

Cal. Calyx. 

Cel. Celeberrimus, or Very cele- 
brated. 

Cent, Centimetre. 

CL Clarissimus. 

Char. Character. 

CoU. Collection. 

Cor. Corolla. 

Cult. Cultivated. 

Decim. or Dec^ Decimetre. 

Descr. Description. 

Diff. Diflerentie, the distinguishing 
marks. 

Ed. Edition 
Embr. Embryo. 

Ess Essential, as Char. Ess. 

Ercl Excluding, or being excluded. 
Err[ Syn. Excluding the synonym 
or synonyms. 


Fam Family. 

Ftl. Filament ot the stamen. 

FI. Flower (flos) ; Flora, or some- 
times Floret, it flowers. 

Fom. Female plant, flower, &c. 

Fol. Folium, leaf. 

Fr. Fruit 

Fructif. Fructiflcation. 

Gen. Genus or Generic. 

Germ. Germen, Llnnssan name for 
ovary ; also Germination. 

H. Herbarium. 

Hah. Habitat, place of growth; 

sometimes for Habeo, 1 have. 
Herb. Herbanum. 

Hori. Hortus, garden. 

Hortd. Hortulanorum, of the gar- 
deners. 

/c. Icon, a plate or flgure. 

III. Ulustris, illustrious. 

Ined. Unpublished. 

Inf. Inferior. 

Ti^. Inflorescence. 

Inv. Involucre. 

Lot. liSteral, or relating to width. 
Lin. Linea, a line (the 12th of an 
inch). 

Lit., Litt. In a letter or letters. 

I. c. Loco citato, in the place cited. 
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Masc Hale plant, flower, &c. 

Mill or mm. Millimetre. 

Mss. Manuscripts. 

Mus. Museum. 

N or No Number. 

Nat. Natural 
Nom. Nomen, name. 

Ohs. Observation. 

Old. Order. 

Oo. Ovary 

p Page, or sometimes Part 
Ped. Peduncle or Pedicel, or for 
Pedalis, a foot long or high. 

Peric Pericarp 
Perig Perigonium 
Pet. Petal or Petiole. 

Pist. Pistil 
Ptac Placenta 
Poll. Pollicaris, an inch long 
p. p. Pro parte, in part 
Prodi. or Prod Prodromus 
Rad. Radix, root , or Radical. 

Ram. Ramus, branch. 

8. Seu, or Sive, Latin for or. 

Sect. Section. 

Segm. Segment 
Sem. Semen, seed. 


S^. Sepal. 

Ser. Series. 

Stcc. Siccatus or Siccus, dried or dry 

Spec or Sp. Species, or specimen. 

Spent. Spontaneous. 

Stain. Stamen or btammate 

Sup Superior. 

Spu. Synonym or Synopsis. 

T. or 2'ab. Tabula, plate 

T. Tonius, volume 

V Volume sometimes for Vel, or; 
sometimes Vide, see. 

V<xr Variety. 

Veg. Vegetation, characters of 

Vem Vernal. 

V. s. Visa sicca, or Vidi siccam 

V V. Visa viva, or Vidi vivam , the 
first indicating that a dried speci- 
men of the plant, the second that 
the hving plant has been exam- 
ined. 

V s. c. and v. s. s., indicates that 
the dried specimen was cultivated 
(c) or spontaneous (s). 

V V. c. and v. v. s., that the living 
plant seen was cultivated (c) or 
spontaneous (a). 
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1. SIGNS USED BT LINNiEUS. 

0 An annual plant. 

$ A biennial 
^ A perennial, 
b A tree or shrub. 

# AfiSixed to a reference, means that a good description will be found there, 
i* Indicates an obscure or doubtful species. 

2 SIGNS USED BY DBCANBOLLE AND LATER 
WRITERS 

0 A monocarpic plant, ». e which dies after once flowering and ftmting^ 
either annual or bienmal, or of longer duration. 

CD Annual. 

<D Biennial. 

@ Monocarpic perennial, anch as Agave. 
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% Perennial herb. 

Suffirutex, an undershrub. 

5) Frviex, a shrub. 

5 Arhuscula, a tree-hke shrub of ten to twenl^-fi^ feet in height 

5 Arbor, a tree. 

r\ A chmbing plant 

A An evergreen. 

S Male plant or flower. 

9 Pemale plant or flower. 

^ Hermaphrodite plant or flower. 

00 Indefinitely numerous, e. g. o>andra, polyandrous. 

? A sign of doubt. ** Thalictrum Japonicam,** doubts if the plant is 
really a Thalictrum. Thcdictrum Japcnicum, Thunb ?*' doubts if the 
plant in hand is truly the species of Thunberg. Thalictrum Japonic 
cum, Thunb., Willd.^ doubts whether Willdenow^s T. Japomcum is 
really that of Thunberg. 

1 A sign of certainty. As ** Thalictrum anemonoides, Michx. ! PI. Bor Am. 

p. 822,*’ as used by DeCandoUe, afflrms that he has seen an autlientic 
original specimen of this author. AfBbced to the name of a collector, 
as “ Virginia, Clayton I '* it affirms that the writer has examined a 
specimen collected by the person to whose name it is appended. 

— Between two figures, as in ** Stamens 6-10,” indicates the extremes of 
difference, as that the stamens are from five to ten. 

® t ft The signs for degrees, minutes, and seconds, as 1®, 2^, 8", are used m 
Gray's Manual of Botany of the Northern United States, for feet (®), 
inches ('), and lines (")• With European authors, usually the sign 
for mmutes is for feet ; that of seconds for inches : thus 1^ a foot 
high ; an inch long ; and a line long. 

Q= Cotyledons accumbent to the radicle. 

O II Cotyledons incumbent on the radicle. 



GLOSSAET, 

OB 

DICTIONARY OF BOTANICAL TEEMS, ENGLISH 
AND LATIN, 


C03£BINED WITH AN INDEX 


This Glossary is intended to contain all the principal technical terms (substan- 
tive as well as adjective) of structural and systematic Botany, as fax at least as 
concerns Phaenogamous plants. Most of the special terms relating to the lower 
Cryptogamia and to Vegetable Anatomy and Physiology are relegated to the vol- 
umes devoted to those departments. The annexed numbers refer to pages of this 
^ volume. Very many of the terms are seldom employed, or aie wholly out of use. 
The principal Latin terms are given separately only when there is no English equiv- 
alent differing merely in the termination. When the word is essentially the same, 
the Latin termination (of adjectives in the nominative masculine only) is annexed 
to the English word in a parenthesis. The changed termination goes back mostly 
to the penultimate consonant. It is unnecessary in a work like this to accentuate 
all the technical words, but, in the case of words liable to mispronunciation, an 
accent-mark is placed over the syllable which takes the principal accent. The 
glossary, as here drawn up, may serve to indicate the meaning of the commoner 
descriptive specific names of plants. 


Af privative, as the initial in many 
words of Greek derivation, signifies 
the absence of the organ mentioned; 
as, Apetalous, destitute of petals; 
Aj^yllous, leafless. In words be- 
ginnmg with a vowel, this prefix is 
changed to on; as, Ananthous, fiow- 
erless ; Anantherous, antherless. 

Abbreviations, 385. 

AberranL Wandering, applied to spe- 
cies, genera, &c., which differ in some 
respect from the usual or normal char- 
acter of the group they belong to. 

Abnormal (Jbnormis). Differing from 
the normal or usual structure. 

Aboriginal, Strictly native; indigenous. 

Abor&on {Abortus), Imperfect develop- 
ment or non-developroent of an organ ; 
179, 187. 

Abcrdve {-ivus) Defective or barren. 

Abrupt {Abruptus), Terminating sud- 
denly ; the opposite of tapenng. 


Abruptly pwnaU* Pinnate without a 
terminal leafiet or appendage ; 101. 

Acanthdcladous (-tts). Having spiny 
branches. 

Acanthdphorous (^). Spine-bearing 

Acaulescent (-ens). Stemless, or appar- 
ently so, with no proper cavhs ,* 45. 

AcamUs, Stemless ; same as Acaulescent 

Accessory, Something additional, or of 
the nature of appendage. 

Accessory Buds^ lA 

Accessory Fruits, 800. 

Accrescent {-ens). Increasing in size 
with age, as often occurs with the 
calyx after flowering. 

Accrete {-us). (Srown together, or con- 
solidated with some contiguous body. 

Accumbent (-ens). Ljring against an- 
other body. 

Accumbent Cotyledons, With edges 
against the radicle: 318. 

AcephdUm {-us). Headless. 
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Acerose {-dsus) Needle-shaped, like the 
leaves of Pines 

Acetabuhjorm {-armis). In the form of 
a shallow open cup or saucei. 

Achtmium or Achenium, A small, dry 
and hard, one-celled, one-seeded, inde- 
hibcent fi uit , sti ictly one of a amgle 
and free carpel, but extended to simi- 
lar ones of moi e than one carpel, and 
also with adnatc calyx, 294. (Ac/u»- 
nium IB etymologically the pioper 
orthography; but uchenLum is be- 
coming the com monel form ) 
Achcmocarp {-arpium) General name 
ot a diy and mdehiscent Iruit ; 292 
Achmodmm Such a double achenium 
as that of Umbelhferm , a Cremo- 
carp. 

Achlamydeous (-^us) Destitute of pen- 
anth; 191. 

Acicula. A bnstle 

Adcular ( ~arib ) . Bnstle-shaped, or slen- 
der needle-shaped 

Adndciform {-onms). Scymitar-shaped ; 
curved with rounded point, thicker on 
the stiaighter edge than on the con- 
vex edge. 

Adnosus, Like grapes or grape-seed 
Acvmis. Classically a berry, particu- 
larly a grape, or its stony seed, or a 
bunch of berries; now sometimes ap- 
phed to the separate carpels of an 
aggregate baccate fruit, or to the con- 
tained stone or seed ; 297 
Acm'n. Fruit of the Oak. 

AcotyUdon.’pX AcotyledonSj Acofyledones. 
A plant or plants destitute of coty- 
ledon, or 

Acotyl^onous (-ews). Without cotyle- 
dons; as the embryo of Guscuta; 26, 
38 Mostly applied, as by Jussieu, 
to plants which have no proper seed 
nor embryo, and therefore no cotyle- 
don ; 339. 

Acmmphibrya . Plants producing side as 
well terminal buds or growths ; 341 
Acrdbrya. Plants growing from apex 
only; 341. 

Aerogun {Acrdgtnm) Name of class of 
plants which in growth are said to be 
Aerdgmous. Growing from the apex 
or by terminal buds only. 

Acrowfrcttwi. Desvaux’s name for a 
berry from an ovary with adnate 
calyx. 

Acrofp^a An old name of the plu- 
mule of a gram in germination, 
AmleaU {•eaius) Prickly; beset with 
aculei. 


Aeuleoms Abounding with prickles. 

Aculeolate {-atus). Beset with diminu- 
tive prickles, or 

Aculeoh. Dimmutive of aculei. 

AciUeiia A piickle ; a pointed small 
exciescence of the bark. 

Acuintn A taperiug point. 

Acuminate Ending m a tapering 

point, 96 

Acute {Acutus), Terminating in an acute 
angle; 97 

AcropeUtl Developing from below up- 
ward, or fi om base towai d apex 

Actinomoiplwus {-us) Capable ot bi- 
section through two or more planes 
into similar halves, as is a I'egular 
symmetrical flower; 175 

Acutiusculus Somewhat acute ; acutish. 

Adelphous {-us^ Adelphi, biotheis) Sta- 
meub with coalescent or clubtered nla- 
meiits aie monadelphous, diadelphous, 
&c , accoiding to the number of Adel- 
phiii or brothel hoodb. 

Aden Greek for gland, is compounded 
with Greek woids with this meaning; 
as, AdenSphoi'US^ gland-beaniig; Ad- 
enopbylluSy leaves bearing glands, dsc. 

Adylutinate {-iitus) Same as acciete 

Adherent {Adhaerens) Generally same 
as adnate , may refer to adhesions not 
congenital. 

Adnate {ratm), Congemtally united to ; 
as the calyx-tube of the gooseberry to 
the ovary; 182. Adnate anther is one 
seemingly borne on the outer or inner 
face of the filament ; i. e. extrorsely or 
introrsely fixed by its whole length to 
the connective ; 253. 

Adnation The state of being adnate; 
179, 181. 

Adprfssus Latin of appressed. 

Adscendens Latin of ascending. 

Adsuryens. Latin of assurgent 

AdventiUous^ Adventive That which has 
come from abroad or as a stranger ; as 
a plant lately or by chance introduced 
front another countn' 

Adrentidous Buds^ 46 

JEfpdlaterdlU, Equilateral, equal-sided. 

JEqualiJldrw. When all the flowers of 
the same head or cluster are alike in 
form as well as chai actor. 

ABf/ndliSy ARquans Equal ; equalling. 

ASrial roots^ &c. ; 33. 

Abrof^hytes Aii^plants ; 85. 

AEruginoms* Verdigris-colored. 

Estival i-dlis). Helating to summer. 

AEsHvatnm (-iV>) The disposition of tl?e 
parts of a flower in the bud ; 132. 
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JEterio. A form of aggregate fmit; 300. 

JStheogamia, JEtkogamms^ 340 

JJfinUy. True and neai relationship; 
327, 330 

Jigamous or Agamic. Destitute of sexes. 

A^glarimrate ( 

^ a dense clustei, 

but not cohering 

Aggregate Fruitb Those formed of 
aggregate carpels of the same flower, 
298, 301. 

Agi'estis Growing m fields. 

AiT^planU, Plants unconnected with the 
ground, 35. 

Akene^ Akemvm. See Achsemum. 

Ala (pi. aim) A wing. Also the side 
petals of a papilionaceous corolla; 
185 Has also been used in the sense 
of axilla. 

Alabdsti'vm. A flower^bud ; 40. 

Alar {AlarU) From ala in the sense of 
axilla, therefore axillary or in the forks 

Alate Wmged 

Albescens^ AUncam Whitened, whitish, 
or hoary. 

AlbUmten of the seed Any deposit of 
nutntive material within the seed- 
coats, and not in the embryo; 14, 309. 

AUmmiaems or AOmmvnose {Albuminosm). 
Said of seeds provided witli albumen ; 
13, 309. 

■^Ubirnum Sapwood; the newer wood 
of an exogenous stem , 80. 

AVms, White 


Allagostmonous With stamens alterna- 
tively inserted on the torus and on the 
petals. 

AlUacecw (-eus). Having the smell of 
garlic. 

AUiance. Synonym of Cohort; 326. 

AJUgemy, Fecundation of the ovules of 
a flower by other than its own pollen ; 
cross fertilization, 216. 

Alpestrine {Alpestrie). Growing on 
mountains below an alpine region 
or one unwooded from cold. 

Alpine {Atm). Growing on the higher 
parts of the Alps, or (by extension of 
meaning) on other mountains above 
the limits of trees. 

AUimate {Altirms). One after an- 
other; as of leaves placed singly 
instead of in pairs (opposite) or in 
whorls. Also, standing before inter- 
vals ; as stamens altemate with petals 
instead of before them; 6, 119. 

Altematvoe (Avus). In aestivation, with 
an inner whorl alternating with an 
outer one; 134, 136. 


Alv^olate(-atus). Honeycombed ; having 
deep angular cavities (Alveoli) sepa- 
rated by thm partitions, as the recep- 
tacle of cotton-thibtle. 

Jmbittis. The ray or circumference of 
a head, &c. 

Ame7it (Am(hiiu7/i) A catkin, or pe- 
culiar scaly spike , 150 

AmeTitnceous {-evs) Bearing catkins, or 
catkin -like 

Amuiphous (-7W) Shapeless , of in- 
deliiiitc form 

AmphanthiTm, One of the (needless) 
names coined for a dilated receptacle 
of mflorescence. 

AmpMbrya. Equivalent to Monocotyle- 
dones, 341. 

Amp}iica7po'as {-us). Producing two 
kinds of fruit. 

Amphigamms Ciyptogame^ 340. 

Amphigaatria. Peculiar leaves (of He- 
paticse) imitating stipules. , 

AmpUbo/rca. A hard-rinded berry, or 
fruit succulent within and woody or 
crustaceouR without, as a calibash. 

Amphispermium Link's name for a 
one-seeded pericarp which is con- 
formed to the seed, an akene. 

Amphitropons (-t«), wrongly Amphv-. 
t7cpnl Turned both ways; applied 
to an ovule with hilum intermediate 
between micropyle and chalaza; 279. 

Amphora. A pitcher; and the lower 
part of a pyxis. 

Ampleciens^ Ampleacm^ Amplexua Em- 
bracing, clasping. 

Amplesdcaul {-anlis). Clasping a stem, 
as does the base of certain leaves. 

Ampliate Enlaiged or dilated. 

AmpUla. A bladder or flask-shaped 
oigan, as of Utricularia. 

AmpnUcuitous (-us), or AmptAkeform. 
In the form of a bladder or short flask. 

Amylaceom (-eus) Resembling or com- 
posed of starch, or Amylum 

Amyloid. Analogous to starch. 

Analogy (.Analogia). Likeness in cer- 
tain respects. As distinguished from 
affinity, it means resemblance in cei> 
tain respects only, not in the plan of 
structure. Thus, a Ranunculus is 
aTMlogous to a Potentilla, but there 
is no near afllnity or relationship be- 
tween the two And the tendril of a 
Pea, that of a Smilax, and that of 
the Grape-vine are analogues; f, e , are 
analogous organs, but are not homo*' 
hgues ; for the first answers to a leaf, 
the second to stipules, and the third 
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to a stem. The spur of a Larkspur is 
analogous to one of the five spurs of 
Columbine, but not homologous with 
it; for the firbt is a sepal, and the 
second a petal 

Aihandi^ms. Destitute ot stamens. 

Anantherous {^8) Destitute of anthers. 

Ananthms {-us). Flowerless. 

Anastomdaia, The connection of veins, 
&c., by cross-veins, forming reticu- 
lation. 

Andtrqpoua (-««), wrongly Anatropal. 
The reversed ovule, with micropyle 
close by the side of tlie hilum, and 
chalaza at the opposite end; 279. 

Ancepa, Engl. Ancbpital Botanically 
always used m the sense of two- 
edged. 

Ander, andra^ amdnm In Greek com- 
pounds, the male. 

Andro-dtcecioua. With flowers on one 
plant hermaphrodite, and on another 
staminate only; 191. 

ATidtoicium The stamens of a flower 
collectively ; 165, 249 

Andrdgynma {-us) Said of an inflores- 
cence composed of both male and 
female flowers 

Midrophore {Andrdphorum) A sup- 
port or column on which stamens are 
raised. 

Androua. See Andtr. 

Aibsmdpkdoua. Literally wind-loving 
Said of flowers which are tecuudated 
by wind-bome pollen , 217. 

Anfractuosua, Abruptly bent hither and 
thither, as the stamens of Cucur- 
bita. 

Angiocarpoua (-t«). When a fruit is 
covered by some envelope. 

Angiospermia, A Linnsean artificial 
order; 837. 

Angiospe/rmous^ Angio^ermoa, Augio- 
iperma. Plants with seeds borne in a 
pericarp; 259. 

Angular Dwergewis of leaves ; 123. 

Aniadmerous (-us). Unequal in number 
m the difiTerent circles of the flower; 
unsymmetncal. 

Ani8t^talous{'^). With unequal petals. 

Anisophyllcua (-us). Unequal-leaved; 
i. e., the two leaves of a pair unequal. 

Arnsodimonoua {-us). When the sta- 
mens are not of the number of the 
peta^ 

Amdtimua. A year old, or in yearly 
growths. 

Aimud {Annuua) Of only one year’s 
duration; 30. 


Annular {-aria). In the form of a ring^ 
or marked transversely by rmgs. 
The latter more properly 
Anmdate (-atua) Marked with rings. 
Amiulua A nng, such as that with 
which the sporangia of some Ferns 
and Mosses are fuinibhed. 

Anophgtea {Anophyta) Name of group 
comprising Mosses, &c. 

Antapoaitim Same as Superposition; 
179, 195 

Antmo?*, as to position, denotes the fiont 
side, or averse fiom the axis of inflo- 
rescence; 160 

Anthdla A deliquescent and paniculate 
cyme, with median ramification, and 
the lateral axes overtopping the 
central, as m Juncus tenuis, &;c. 
May be eithei a Drepanium or a Rhi- 
pidium 

Anthemy^ Anthsmia. A floweivcluster 
ot any kind, 144. 

Anther {Anthera). The pollimfeious 
part of a stamen, 165, 251 
Antheridium An analogue of the an- 
ther in Cryptogams. 
kpihenfti'ous {-us) Anther-bearing 
idntheais. The time at which flower 
18 perfected and opens; or the act of 
expansion of a fiowei. 
Anthocarpou8{-us ), Anthocarpium. Fruits 
in which some organ extenor to the 
pericarp is concerned , 300. 
Anthoclimum. Name of a leceptacle of 
inflorescence, such as that of Com- 
posite 

Anthodium. A name for the head of 
flowers (or so-called compound flowers) 
of Composite; 147. 

Anthdlyaia. A retrograde metamor- 
phosis of a flower, in which normally 
combined parts are separated 
Antiwphore {Anthdphorum), The stipe 
when developed between calyx and 
corolla; 212. 

Anthua or Anthoa. A flower, in Greek 
compounds. 

ATdicoua (Anxious). Facing anteriorly; 
253. 

AntUrcpaua (-ua), less properly AnhUro- 
pcd. Said of an embryo with radicle 
pointing to the end of the seed oppo- 
site the hilum; 312. 

Antrorae, Directed upward or forward. 
Apetaloua (-us). Having no petals; 190. 
Apeas. Besides its ordinary meaning, 
the top of a thing, it was once the 
technical name of an anther; 166. 
^hyUoua (-ua). Leafless. 
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Apiedl(-{Uis) Belatmgtotheapezortip. 

Jijnces. The name for anthers anterior 
to Ludwig and Lmnseus ; 166. 

Aphculate (-us). Ending in a short 
pointed tip or apicula. 

Apocarpous {-us). When carpels of a 
gynoecium are sepaiate; 261, 262. 

Apophyds, An enlargement or swelling 
of the surface of an organ at some par- 
ticular part. 

Apothccta, The “shields ” or fructify- 
ing disks of Lichenes. 

Apdtropous (-us) Said of an anatropous 
ovule which when pendulous has 
rhaphe averse; 282. 

Apps^ayc, Appendix, Any superadded 
or subsidiary part. 

Appendiculate {-atus) Furnished with a 
small appendage {Appendiculum)^ or 
with any appendage 

Appositus. Placed side by side. 

Appressed (Lat Adpressus), Lying fiat 
against or together for the whole 
length. 

Aj^ricus Growing in dry sunny places. 

Apterous {-us). Wingless; not alate. 

Aquatic {-icus). Living m water. 

Aqudtdns. JUving under water. 

Arachnoid {-oideus). Cobwebby; com- 
posed of slender entangled hairs. 

Araneose (-osus), Araneus. Like spider- 
web ; same as Arachnoid. 

Arbor. A tree , 60. 

Arboreous {Arhcreus). Tree-like, or re- 
lating to a tree. 

Arborescent (-ens). Tree-like ; approach- 
ing the size of a tree. 

Arboieium^ also Arbustum. A place 
where trees are grown; an arranged 
collection of trees. 

Arbiscula A small shrub of tree-like 
growth or form. 

ArhusculaHs, Bamified hke a little tree. 

Archeyomum, The spore-case of mosses, 
&c., m an early state. 

Arcuate {-atus). Moderately curved, as 
if bent like a bow. 

Ariola^ pi. Areoke, Spaces maiked out 
on a surface, as by the reticulation of 
veins, &;c. 

Ardolate {-atus). Marked with areola. 

Arenosus^ Arenartus. Growmg in sand 
or sandy places. 

Argentate {-atus^ ArgMteus). Silvery, 
or shining white with a tinge of gray. 

AryiUosus. Growing in clayey soil- 

Argos, Gieek for pure white, used in 
compounds; as, argqphyUus^ white- 
leaved. 


Argdtus, Sharp-toothed; said of the 
serration of leaves. 

Argyros Greek for silvety; used in 
compounds; s&^argyrophyUus^ silvery- 
leaved. 

Arhizal {Arkizus), Rootless 
ArUlate (-afzts). Having an arillus. 

Aiilf Arillus, An extraneous or late- 
formed seed-coat or covenng, or an 
appendage growmg from or about the 
hilum of a seed, 308 
Anllijoitn {-O'/mis) In the form of an 
anllus. 

Artllode, Arillodtum, A false anllus, 
or one which does not originate fi oni 
or below the hilum, but from the 
miciopyle or rhaphe; 309. 

Arista, An awn. 

Aristate {-atus). Awned; beanng an 
ansta 

Ansfulaie {-atus). Bearing a diminu- 
tive awn. 

Arrect {Arrectus). Brought into an 
upngbt position. 

Arrow-shapedy Arrow-headed. Same as 
Sagittate; 96. 

Articulated {-atus), Jomted, or having 
the appearance of a joint or articula- 
tion {Artimlus), As of the word joint 
itself, the context must show whether 
the ariiculations mean the poitions 
which are connected by a joint, or the 
place of connection. 

Artificial Classification, 331. 

Ascending {Adscendens), Rising upward. 
Sometimes used for directed upward, 
as when the stem is termed the As- 
cending Axis (11); more commonly 
denotes curving or rising obliquely 
upward; 63 

Asddium A pitcher-shaped or fiask- 
shaped organ or appendage ; 111. 
Ascus A sac ; a kind of spore-cases, as 
in certain Fungi and Lichenes 
Aspdragi. A name for Turiones, or any 
scaly shoots from undet^ound, as 
those of Asparagus. 

Asperydliform {-ormis) Brush-shaped, 
% e like the aspergiUum, or brush 
used to spnnkle holy water ; made up 
of numerous spreading hairs, ^., in 
a tuft, as the stigmas of Grasses. 
A^erous {A^er), Rough to the touch. 
Assimilation TTie action or process by 
which extraneous matter or crude food 
is converted into vegetable matter. 
Assurgent {Adsurgens), Rising or curv- 
ing upward ; 63. 

Astichous (hem) Not in rows. 
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jisUmcm (-tu). Without a stoma or 
mouth. 

rn^tavism (-mtis). Ancestral resemblance. 

Ater Pure black 

Athera. Greek for Arista or Awn. 

Atrdtiis Blackened or turning black. 

Atropom (- 2 «), wrongly MropaL Not 
turned ; applied to an ovule the same 
as orthotropous ; 277. 

Attenuate Slenderly tapenng 

or narrow. 

Awitue Same as accrescent; enlarged 
after flowenng; augmented by an ad- 
dition. 

Augmentation, Increase beyond the 
normal number; 179, 200 

Aurantiacus Orange-colored 

Auratus, Aureus Golden-colored, or 
yellow with golden lustie. 

Avncle {Auiicula) An ear or ear- 
shaped appendage. 

AvHculate (-atus). Furnished with an 
auncle; 96. 

Autocafpous A fruit consisting of pen- 
carp alone, having no adnate parts. 

Autdgamy, Close-fertilization, the fe- 
cundation of a flower by its own pol- 
len, 21d, 216. 

Avemus. Vemless 

Awl-shaped. Narrow, terete or some- 
what so, and attenuate from a broader 
base to a slender or ligid point. 

Awn A bristle-shaped appendage, such 
as the beard of Bye and Barley. 

Awned Furmshed with an awn 

Aianl {AsBflla). The angle formed on the 
upper side of the attachment of a leaf 
with the stem, or the point just above 
this attachment ; 6. 

Jxillary (~dris). In or relating to an 
axil; 7. 

Aanlej Axial {Axiks), Eelating or be- 
longing to the axis. 

Axis The stem; the central part or 
longitudinal support on which organs 
or parts are arranged ; the central Ime 
of any body. 

JBacca A berry ; 299. 

JBnccate {-atus). Berry-Uke; pulpy 
throughout. 

JBacc^tum. An aggregation of berries 
in one flower ; 800. 

Badms, Chestnut-brown. 

Bcdausia Name applied to the fruit 
of the Pomegianate, with firm rind, 
crowned with the lobes of an adnate 
calyx, baccate withm, and many- 
seeded. 


Bcmner, The vexillum, standard, of 
upper petal of a papilionaceous co^ 
rolia; 184. 

Barb. A bnstle or stout hair, which is 
hooked or double-hooked, or retrorsely 
appendaged at the tip 

Baiba, Beard. 

Barbate {-atus). Bearded; beset with 
long and weak hairs. 

BarbeUate (-atus). Beset with shorter 
and stifEer hairs or bai belles 

BaiheUulate {-atm). Diminutive of the 
preceding 

Barh The nnd or cortical poition of a 
stem, especially of an exogen ,76. 

Basal {Basilai'is). Relating to the base. 

BasaJrnemed With nerves all from the 
base of the leaf, 92. 

Baee {Bam). The extremity by which 
an organ is attached to Its support. 

Bastdm Cells of the fructification of 
Mushrooms which bear the spores. 

Basifixed (-us) Attached by the base 
or lower end; 253 

Basigyumm, Synonym of Carpophore 
or Tliecaphore. 

Basmeroed {-ms). When the ribs pro- 
ceed fioin the base of a leaf. 

Badpetal. Developing from apex to- 
ward the base. 

Bast^ or Inner fibrous bark; 77. 

Bast-cells, The es>*ential components of 
bast , long and flexible butthick-walled 
attenuated cells, 77. 

Beak, A narrowed or prolonged tip 

Beaked, Ending m a beak. 

BeU-skaped. SameasCampanulate; 249. 

Berried, Baccate. 

Ben'g. A fruit, the whole pericarp of 
which 18 fleshy or pulp}”; 299. 

Bi- or Bis, As a prefix to Latin words 
(Greek words have Di-), two, twice, 
or doubly. 

Biacmivmte {-atus). Two-pointed, as 
malpighiaceous hairs, fixed by the 
middle and tapermg to each end. 

Biarticulate {-atus). Two-jomted. 

Biauriculate {-atus). Two^uricled. 

Bibracteate f-atus). With two bracts. 

Bibracteolate {-atus). With two bract- 
lets. 

Bicallose {-osus) With two callosities. 

Bicdrinate (-atus). Two-keeled. 

Biceps. I With two supports or stalks 

Bicipital. I or two-headed. 

Bicolor. Two-colored. 

Biednfugate (-atus) Twice paired. 

Btcomts. Two-homed. 

Bicomute. Same as preceding. 
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Bicruris Two-legged, or with two sup- 
poits 

B^entate (-aiiw). Having two teeth 
(Not doubly dentate ) 

Bi'Iutis, Lasting two days only 
Btenmnl {Biennis) Of two yeais’ durar 
tion, 31. 

Bifnrious (-tvs), Two-ianked; in two 
vertical rows 

Bijtrus Double-bearing ; fruiting twice 
a year. 

Bifd (-tdus). Two-cleft, to the middle 
or theieabout. 

Bifldrovs (-W6). Two-flowered. 

Bifoliate, Two-leaved. 

BfSliolate Of two leaflets. 

Biforate (-atus) Having two open- 
ings. 

Bijormis, Two-formed ; in two shapes. 
Bl/rons, With two faces or aspects. 
Bifircnte i-ntus), Two-foiked, i.e. of 
two piongs or forks. But it may 
mean bU furcatus; i, e , foiked and 
again foiked. 

Bigeminate (-atus). Twice twin ; same 
as Biconjugate 

Bigener, The offspring of a cross be- 
tween two geneiically different plants. 
Bijugate (Bijugus)* Two-paired, as a 
pinnate leaf of two juga or pairs of 
leaflets 

Bilabiate (-atus) Two-hpped; 247. 
BildmeUate (-atus), or BilameUar. Of 
two plates or lamella, 

Bildbed (BUobus), or BMate, Of two 
lobes, or cleft mto two segments. 
Bildcellate, Divided into two locelli, 
-263 

Bilocular (-cwis). Two-celled. 

Bimestfis, Lasting two months. 

Bimus, Lasting two years ; two years 
old. 

Binary (-aidus) Consisting of two 
members; 176. 

Binate (-aius). In pairs or twos. 

Bmi Twin, or two together 
Binddal (Biiuklis) Having two nodes. 
Binomial Nomenclature, 346. 

Biology The natural instoiy of plants 
and animals, % e, of living things ; 1 
Bipahmte Twice palmately com- 

pound 

Biparous. Bearing two; as a cyme of 
two lays or axes; 162, 166 
Bipdrtibie (-ibilis). Capable of division 
mto two similar parts. 

Bipartite (-itus) Divided almost into 
two pieces; two-paited. 

Bipes. Same as Bicruris, 


Bipirmate (-atus) Doubly or twice 
pinnate; 103 

Bhpinndtijid (-idus). Twice or doubly 
pmnatitid; 100 

Btpimdtisect (-ws) Twice pinnately di- 
vided. 

Biplicate (-a<Ms) Twice folded or plaited. 
Bipovose (-OSUS) Opening by two pores. 
Bi/ c/dtate (-atus). Ot two rays. 

Bii imose (-osus). Opening by two slits. 
Bisected (-us). Completely divided into 
two parts ; 99 

Biseptate (-atus). With two partitions. 
Bisenal (-^alis), or Bisenate (-latus). In 
two senes, one above the other. 
Biserrate (-atus). When beiratuies are 
again senate; doubly serrate. 

Bistxual, Having both stamens and 
pistil, hermaphiodite, 191 
BuMcate (-atus, Bisulcus), Two-grooved; 

ha^nng two furrows. 

Bit^/nate (-atus). Twice temate. 
Bladdery Thin and inflated. 

Blade The lamina, limb, or expanded 
portion of a leaf, &c ; 85, 245.. 
Blast&ma, The budding or sprouting 
part or point First used for the axia 
of an embryo; now used for the ini- 
tial growth out of which any organ 
or part of an organ is developed. 
Bloom. Besides its use as equivalent to 
blossom, it denotes the white powdery 
and glaucous covenng of the surface 
of many fruits and leaves, of a waxy 
nature. 

Boat-shaped, Of the shape of a boat, of 
the deeper sort, with or without a keel. 
Bostrychoidal. Having the form or char- 
acter of a ringlet, or Bostrj'x ; 157 
Bostryx. An umparous helicoid cyme ; 
156 

Bothrinchyma, Tissue of plants com- 
posed of dotted or pitted ducts. 
Botry-cymose. Racemes or any botryose 
clusters C 3 rmoBely aggregated , 169, 
i Bdtryose (-osus), Botry^al Of the ra- 
j cemose type ; 144, 146, 146, 153. 
Botn/s The equivalent of Raceme ; 146. 
Bvtultftyrmis Sausage-shaped 
Brdciiiate (ddtus) With spreading 
arms, as branches (especially opposite 
and decussate) widely diverging 
Brachys, Greek for shoit, and used in 
compounds; as, Bmeh^podus, ahorb- 
stalked. 

Bract, Bractea, The leaves (more of 
leas modified) of a flower-cluster; 118, 
141 

Bracteate (-eatus). Having bracts. 
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BracteoXa, BracUoU. See Biactlet 

Bracttolatei^tua), Having biactlets. 

Bractht, A bract of the ultimate grade, 
as one inserted on a pedicel or ultimate 
flower-stalk, instead of subtending it; 
141, 142, 160 

Bracteose Full of, or with con- 

spicuous bracts. 

Branches. Secondary axes, or divi- 
sions of an axis; 47. 

BrandhUts Ultimate branches or divi- 
sions of an axis , 47 

Breathing-pores. See Stomata, 89. 

Bristle A stiff hair, or any slender 
body or outgrowth which may be 
likened to a hog’s bristle. 

Bristly. Beset with bristles. 

Bi'imneus Deep brown. 

Brush-shaped. See Aspergilliform. 

Bryology. The botany of Mosses. 

Bud. The undeveloped state of a stem 
or branch, with or without leaves; 
6,40 

Bud-scales. The teguments of a bud ; 40. 

B}dA {Bulhm} A leaf-bud (commonly 
subterranean) with fleshy scales or 
coats ; 43, 62 

Butbiceps. A stem with bulbous base. 

BvMferous {-us) Bulb-beanng. 

BulMUtis, BUbulus. Diminutive bulb. 
S^e as 

Sulblet. A small bulb, especially such as 
IS pioduced in the air, m the axil of oi^ 
dinaiy leaves, or upon them; 63. 

Bulhodaim. A synonym of Oorm, the 
“solid bulb » 

Bulho-tuber. Synonym of Corm. 

Bulbous^ BuJbosus. Ha^’mg bulbs or the 
structure of a bulb. 

BuUate {-atus). Said of a puckered sur- 
face (as if blistered), thrown into por- 
tions which are convex and projecting 
on one side and concave on the other. 
Also used in specific names, in its 
more literal sense for inflated. 

Bursicula. A small pouch (bursa); 
such as that which encloses the disk 
or gland of the caudicle of the pollin- 
ium of an Orchis. 

Bursiculatus. Furnished with a bursi- 
cula or pouch. 

Byssaceous (-etts). Composed of fine 
threads, like byssus or fine flax. 


Cadiicous {-us). Dropping off very early, 
as the calyx of a Poppy at the time 
of expansion; 243. 
iOaruleus. Sky blue, or pure blue. 


Cossius Lavender-color; pale green with 
whitish or gray. 

Calaihidvtm^ Cdlathis. Literally a bas- 
ket; a name for the head of flowers (or 
bettet for the involucre only) of Com- 
posite 

Calathiform {-orrms). Cup-shaped ; of 
somewhat hemispherical outline 

Calcar A spur; mostly used for the nec- 
tanferous one of a calyx or corolla. 

Cdlcamte {-dtus). Furnished or pro- 
duced into a spur. 

Cdlteolate {-atus\ or Calceiformis. 
Shaped like a slipper or shoe 

Callose (-om). Bearing callosities 
{calli)^ 01 hard piotubeiances. 

Calvus Bald, as an akene without 
pappus 

Calycantkemy Name of the monstros- 
ity m which the calyx imitates an 
extei lor corolla ; 174. 

Calydjlmous {Calycifiorcs)^ 340. 

Calycme ( Calycinus). Kelating to calyx. 

Calyculate (-a^t<s). Bearing bracts next 
the calyx which imitate an external 
or accessory calyx. 

Caly cuius. An involucre or involucel 
imitating an additional calyx. 

Cal^ptra The hood or veil of the 
spore-case of a Moss , or some cover- 
ing body like it 

Calyptrate {-atus). Furnished with a 
calyptra, or something like it 

Calyptriform{-ormis). Calyptra-shaped; 
as the calyx of Eschscholtzia. 

Calyx. The flower-cup, the exterior 
perianth; 164. 

Cdmvra and its diminutive Cam^rula 
(chamber) are sometimes used for the 
cells of a fruit. 

Cambium. Old name of the viscid mat- 
ter between bark and wood in com- 
mon trees or shrubs in spring; now 
used for the nascent structure there 
forming, or CamUum Iwyer ; 78 

Campdwulate {-atus). Bell-shaped ; elon- 
gated cup-shaped or shorter, and broad 
from the base ; 249. 

CampaniformU Same as Csmpanulate. 

Campylosphmrm (-us). Curved-eeeded 
Said of seed-like finite or carpels, as 
those of some Umbelliferse, in which 
the contained seed is involute by the 
lateral edges, so as to produce a longi- 
tudinal fuiiow on the ventral face. 

CampyldtropQus {-us), or less correctly 
Campylotropal, or CamptUitrcpous. 
An ovule or seed which is curved 
in its formation so as to bring the 
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micropyle or true apex down near to 
the hiliim; 279. 

CamHcaulate (-atus). Channelled, or 
with a longitudinal groove 
CdncdlaU {-dtus) Latticed, le&amblmg 
lattice-woik 

Cdruhtlub Pure wlute. 

Canebcens, Hoary, usually with gray 
pubescence. 

CanuB Gray-white; whiter than the 
preceding. 

I So slender that it 
may be compaied 
with the hairs of 
animals. 

Capitate (-otfiw). Head-shaped, or col- 
lected in a head; 147. 

Capitellate {-atus). Diminutive of Cap- 
itate. 

Capitulum A head of or simple globu- 
lar clustei of sessile dowel a; 147. 
Capieolate {-atvs) Bearing a tendril 
(capieolus) 

Capbule {-ula), A dry and dehiscent 
pericarp composed of more than one 
carpel ; 280, 293. 

Capsular, Of the nature of, or relatmg 
to, a capsule 

Capsuliferous. Capsule-bearing. 
Ccurcf^i'vJm, An unused name for an 
iiidehiscent and several-celled dxy 
fruit; 297 

Carina, A keel; used either for the 
two combined lower petals of a papil- 
ionaceous corolla (185); or for a sa^ 
lient longitudinal projection on the 
centre of the lower face of an oigan, 
as on the glumes of many Grasses. 
Cdrinate (-atus). Keeled. 

CariqpsU or Caryopsis A grain ; a seed- 
like fruit with thin pericarp adnate to 
the contained seed ; 295. 

Chmetis. Flesh-colored, very pale red. 
Cara, Flesh, as the pulp of a melon, or 
the fleshy part of a drupe. 
CarpndiUum, Synonym of Creraocarp. 
Carpel, CarpMwn, A simple pistil, or 
an element of a compound pistil, an- 
swering to one leaf; 167, 260. 

Carpid, Caspidium. Synonym of carpel. 
Caspology, The botany of fruits. 
Cdtpophare {Carpdphorwn) A portion 
of receptacle prolonged between the 
carpels; 212. 

CdrpophyU ( Carpcph^Urm), Literally 
fruit-leaf; synonym of Carpel; 260. 
Cartilaffinovs or Cartilapineaus (-ewa). 
Of the texture of cartilage or gristle; 
firm and tough. 


Cdrunck (Cardncula) An excrescence 
at or about the hilum of certam seeds ; 
308 

CaryophyUaceomi-eus). Resembling or 
1 elating to the corolla of Dianthus 
Caryophyllus (246), or to the Pink 
family 

Catyopbib, See Cariopsis. 

Cassidtus Helmet-shaped. 

Cobsus Empty, as an anther contain- 
ing no pollen. 

Castrate i^tus). Said of a stamen 
which wants the anther. 

Catapetalous (-wa). Where petals are 
united only by cohesion with united 
stamens, as in Mallow. 

Catnphylla Answers to the (rerman 
“ Niederblatter,” or under-leaves, 
those at the beginmng of a growth, 
cotyledons, bud-scales, scales on rhi- 
zomes, &c ; 6. 

Catenulate i-dius). Formed of parts 
united end to end, like the links of a 
chain. 

Catkin, A scaly spike (see Ament); 150. 
Caudate {-<itus). Furnished with a tail 
(cauda), or with a slender tip or ap- 
pendage lesembling a tail. 

Cavdex A trunk or stock of a plant ; 50. 
CaMicle {Caudkida), The stalk of a 
pollinium, &c 

Caulescent (-efw) Having an obvious 
stem. 

CaUicle ( CauUcuhts), The initial stem 
in an embiyo, generally named the 
Radicle; 10. 

Caulvne {-inus). Belonging to the stem. 
Caulis. Greek form Cation, The stem 
of a plant. 

Cavlocdtpic or Cauloearpous, Applied 
to plants which live to flower and 
fructify more than once or indefi- 
nitely. 

Cauldme, Cauldma, The stem-part of a 
plant. 

Cephalanthitm. One of the names of 
the head or capitulum m Compositss ; 
148. 

Cell iCelMn), The anatomical element 
of plants; 28 The caviiy of an 
anther which contains the j^llen, 
or an anther-lobe, thus taken in the 
sense of the circumscribing wall as 
well as the cavity, 251, 264. The 
cavity, or any one cavity of an ovaiy 
or pericarp, containing the ovules or 
seeds; 262 

CeUular Plants, Cellulares, 840- 
CdUule {•nkt). Diminutive of cell; of 
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the same meaning as Cell in vegetable 
anatomy; 28 

CSihtloae. The material, chemically con- 
sidered, of which the wall of the cell 
consists. 

Cenohium. A. name of the peculiar four- 
parted fruit (oi the foui nutlets around 
a common style) which distmguishes 
Labiatfie and Borraginacese. 

Centrifugal Tending or developmg 
from the centre outward. 

Centripetal. Tendmg or developmg from 
without toward the centre. 
Cepkalanthium. Synonym of Antho- 
dium. 

Ceratium. A siliquiform capsule, such 
as that of Corydalis, Cleome, &c. 
Cereal Belonging to com and the 
allied grams 

(7« inus Of the color of wax 
Ceinuous (-uew) Nodding. 

ChcBta. Greek for a bristle, Latm Seta. 
Chaff. Small scales; dry and depau- 
perate biacts; such as those on the re- 
ceptacle of a sunflower and many other 
Composite ; also glumes of Grasses. 
Chaffy. Provided with or having the 
texture of chafE. 

Chaldm. The part of an ovule where 
coats and nucleus are confluent; 277. 
Chcmnelled. Hollowed out longitudi- 
nally like a gutter. See Ccmaliculate, 
Character. A diagnostic description, 
or the enumeration of essential ^fleiv 
ences; 361. 

Chamdgamy. The opening of the pen- 
anth at flowering time; the opposite 
of Cleistogamy 

Chartacecus (-eas) Having the texture 
of writing-paper. 

ChldrcphyU. The green matter of leaves 
and other vegetation ; 76, 88. 

Chloros. Greek for green. Enters Into 
compounds, such as Chlorunthus^ 
green-flowered, Chloranthy, same as 
Chlorosis, as when petals turn green; 
172. 

Chlordsis. Literally becoming green, as 
some flowers in retrograde metamor- 
phosis. Also used contrariwise for 
the loss of a normal green color; 172 
Chorda FistillarU. A line of tissue reach- 
ing from stigma to ovary. 
Chof^etalcus {•m). Same as Polypeta- 
lous, t. e. petals unconnected ; 244. 
Choris^alous. SameasPoly8epalou8,&c. 
Chdrisis. The separation of a leaJf or 
phyllum into more than one ; 202. 
CkoristophyUus. Separate-leaved. 


Chromule (-^Zo). Coloring matter of 
plants other than chlorophyll, espe- 
cially that of petals. 

Chi'ybos. Greek for golden, or golden- 
yellow, as 

Chrysanihus. Yellow-flowered, &c. 
Cicatrix^ Cicatrvcula. A scar left by 
the fall of a leaf or other organ 
Ciliaie (-atm), Cdiam. Marginally 
fringed with hairs 

Ciliunij pi cilbo. Maigmal hairs, form- 
ing a fringe, like the eyelash (The 
name has been extended in scientific 
books to undividual hairs, and of a 
surface as well as edge ) 

CmctTmus. A curl name of a uniparous 
scorpioid cyme, which is Cmcmnal ; 
156, 167 

CMienchyma Laticiferous tissue. 
Cinerascensj Cineracem Ash^ayish. 
Cinereous i-eus) Abh-gray 
Cimabai'inus. Cm nabai -color ; scarlet 
touched with orange 
Circmal (-^ln) In\olute from the tip 
into a coil; 133. 

Cit emote, or Cuemnate i-atus) Same 
as preceding, oi sometimes meamng 
coiled into a ring only. 

Ckrcumscissile, or Circwncissde ( Cii eam^ 
scissus). Cut circulary and transverse- 
ly; divided transvereely , 291, 293. 
Circumscription (-io). The general out- 
line of the margin of a flat body, 
Cinhiferous (-us) and Cvt'rhose. Ten- 
dril-bearing. 

Cirrhus. A tendril ; 64. 

Citreus, Citrinus. Lemon-colored. 

Ctados Greek for branch; whence such 
terms as 

Cladodiim Same as CladophyUim. 
Clddpphyll, Cladoph^Ua. Branches as- 
suming the form and function of foli- 
age, 66, 66. 

Clavate l-atus), Clawformis. Club- 
shaped 

Claoellnte. Diminutive of Clavate. 
Claviculate (-u<iw). Furnished with ciaih 
icuks f viz , tendrils, hooks, or other 
appliances for climbing. 

Class, 326 
Classification, 315. 

Clathrate {-atus). Latticed. 

Claw. The narrowed base or stalk which 
some petals, &iC., possess; 245. 
Cleistdgamy, Cleistogamou8,Cleistogamia 
Close-fertilization in unopened blos- 
soms; 241 

Cleistd^eny, Cleistogenous, 241. Same as 
Cleistogamy. 
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Clefi Cut liaif-way down or there- 
about, y8. 

Clmbiny, Jtiisiug by laying hold of 
suiivuiiding objects for support, 51. 
Clinandnum The anther-bed in Orchi- 
ddceoi. 

Clinmitfuum A name for the receptacle 
of iiidoiesceuce in Oompositse; 148. 
CUnitm, Used in Greek compounds for 
receptacle, e g Periclvnwm^ for an 
involucre ai*ound the receptacle of 
inflorescence. 

Clost-ftriduzation, Fecundation by own 
pollen, 216, 280. 

Clovts. A gaidener's name for young 
bulbs developed around a mother bulb 
Club-shaped Gradually thickened up- 
ward fiom a slender base 
Clusti^red Collected in a bunch of any 
soit. Cluster is a good indeliinte name 
for any assemblage of flowers on a 
plant 

Clypeate {,-atus\ Clypeiformys, Buck- 
lor-shaped. 

Coacchrrate {-aim). Heaped together. 
Coddnate {-aiuk)f Coadmiatm. Same as 
Adnate. 

CocUesoence. Umon of similar parts; 
179, 180. 

Coalescent (-enff), Coalitm. Cohering, 
propel ly applied to the organic cohe- 
sion of similar parts. 

Coarctate {-atm). Crowded together. 
Cocded. Composed of layers as an 
onion, or furnished with a covering 
or nnd. 

Cobwebby Bearing long and soft entan- 
gled hairs. 

Coedmem. Bright red or scarlet (red 
with a little yellow) 

Cocem. Greek for a kernel or nutlet, 
from which the laflin Cocernn, the 
kermes or scarlet grain (supposed 
berry) of the Querous coccifera; used 
botanically, mostly in the form of 
“coccus,” for the portions into which 
a schiasocarp, or lobed fruit with one- 
seeded cells, splits up ; these portions 
are Cocci or Ccccules ; 206. 

Cochlecvr ( Cockharis) Spoon-ehaped, 
TJnmeaningly applied also to a form 
of imbricative sestivation with one 
piece exterior; 137. 

Cochkate (-aim). Shell-shaped, i.e. 

spiral in the manner of a snail-shell. 
Caiwpdrmom i-^M). Hollow-seeded; ap- 
plied to seed-like carpels of Umhelli- 
ferflp with ventral face incurved at top 
and bottom, as m Coriander. 


Coenanihitan. Synonym of Clinanthinm, 
Ccenobio. Synonym of Carcerulus 
Cohesion. The cougenital umon of one 
organ with another ; either siinildr 
parts (coalescence), or dissixmlar parts 
(adnation) 

Cohort. In classification a group next 
superior to order, 326. 

Coleorhtza. Boot-sheath; the invest- 
ment (belonging to the cotyledon or* 
plumule j thiough which the primary 
loot in many Monocotyledons bursts 
in germination ; 26 

CuUaf {Collum). Name of an imaginary 
bomething intermediate between pn- 
maiy btem and root. 

Collateral Standing side by side. 
CoUecUve Fiutts. The aggiegation of 
the fruits of several flowers into one 
mass; 301 

Colored Of other color than the green 
of herbage; 118. 

Columella. The peisistent axis of cer- 
tain capsules, spore-cases, &c.,‘ 289. 
Column {Columna). Body formed bv 
tlie umon of the filaments among them- 
selves (as m a malvaceous flower), or 
with the style or stigma, as m Or^ 
cbids, 250. 

Columnar. Column-shaped , pillaL- 
shaped 

Coma. Literally a head of hair ; a tuft 
of hairs of any sort ; specially a tuft of 
hairs on a seed , 306 Also the name 
of the whole head of a tree. 

Commwswre {-ura). The face by which 
two carpels cohere, as in Umbelliferm. 
Common ( Communis). General or prin- 
cipal, as opposed to partial. 

Comose (-osw), sometimes Comatus. 

Furnished with a coma. 

Cdmplanate {-atm) Flattened. 

Complete {Completus). Having all the 
parts belong to it or to the type ; 176, 
cimpUcate {-atm). Folded upon itself. 
Compound. Said of similar parts aggre- 
gated into a common whole. Com- 
pound Flower^ 147. Compound Pisiilf 
268. Compound Tnflorescence^ 159. 
Compound Leaf, One divided into sep- 
arate blades ; 100. 

Compressed {-us). Flattened lengthwise. 
Concatdescence. A name for the coales- 
cence of axes; 158. 

Conceptacle {-acutwn). Originally used 
by Linnaeus for what is now called 
Follicle; and later for the pair of fol- 
licles of Asclepiadaceae and Apocy- 
nacese 
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Conchiformu. Shaped like one valve of 
a bivalve shell 

Ctmcvmus, Neat or elegant. 

Concolor. Of the same or of uniform 
color 

Condiiplicate (-etftM), ConduplicativiLS, 
Folded together lengthwise; 133. 

Cone, See Stiobile. 

Confertuh. Closely packed or crowded. 

Conjerrvminaie Stuck together 

by adjacent faces, as the cotyledons of 
Horsechestuut, 314. 

Confluent (-ens). Blended into one ; pass- 
ing by degrees the one into the other. 

Conformed (-ormis) Similar to in form , 
or closely fitted to, as a seed-coat to 
the nucleus. 

Conge^sted {-us). Crowded together 

Conglobate {-aim ) Collected into a ball 

CongUmerate {-atm) Densely clus- 
tered or heaped together 

Coniferous {-m). Cone-bearing. 

C<iryugate {‘Utui) Coupled; in single 
pairs. Conjugaterpnmtte^ 104. 

Connate {-atus). United congenitally, 
107, 182. 

Connate-pesfoluxte, United at base in 
pairs around the supporting axis ; 108 

Cormdctive {-ivum,) A portion of a stap- 
men >vhich connects the two cells or 
lobes of an anther, 251. 

Connivent (-ens) Coming into contact 
or converging. 

Conocarpium, An unused name for an 
aggregate fruit, such as a strawberry, 
consisting of many carpels on a coni- 
cal receptacle , 298 

Consolidated. When unlike parts arc 
coherent. 

ContvMiow, The reverse of articulated 
or interrupted. 

Contorted {-us). Twisted; or bent or 
twisted on itself. In iElstivatloD, the 
same as Convolute ; 138. 

ContortvpHcate {-atus). Twisted and 
plaited or folded. 

Contracted. Either narrowed or short- 
ened. 

Contrary {-arius). Opposite in direction 
to the part compared with; as a silicle 
compressed contrary to the dissepi- 
ment. 

Conrolute or Convoluthe (-itwa). 

Rolled up from the sides or longitudi- 
nally. In ^Estivation, 138. In Vei^ 
nation, 133. 

CSraUovi {-eus). Coral-like. 

Cdrouium Old name for the embryo, 
or Cor seminis ; 311. 


Cordate {-atu8\ sometimes Cordiform 
{-ormis) Hearbehaped ; like the fig- 
ure of a heart on cards , the stalk at 
the broader and notched end ; 96. 

Coriaceous {-eus). Leathery in consist- 
ence. 

Cork, 81. 

Corky. Of the texture of cork. 

Corky Envelope, 76. 

Coi'm (Coi'mus) A bulb-like fleshy 
stem, or base of a stem ; a solid 
bulb;” 61 

Cormophytes ( Cormoph^a), 341 

Corneous (-eiis) Of the texture of horn. 

Comiculate (-atzw). Furnished with a 
little horn 

Cornu A horn , i e a hom-like process ; 
sometimes used for Calcar, a spur. 

Comute {^tus) Furnished with a hom- 
like process or spur. 

Cor6Ua The intenor perianth, com- 
posed of petals; 165, 243. 

Coi'olUtceous{-eus), Corollinus. Pertain- 
ing to, or resembling corolla. 

CoroUiferous {-us) Beaiing a corolla. 

Corolliflorous, CorolliflorcB, 340. 

Cordllula, Diminutive of corolla 

Coi'&na A crown , an inner appendage 
to a petal, or to the throat of a coiolla; 
210, 246 Or any coronet-like append- 
age at the summit of (crowning) an 
organ 

CSronate {-atus) Crowned, having a 
corona, dec. 

Cordntfoim {-ormis). Shaped like a 
crown or coronet. 

Corrugate {-atus or -atims), Wnnkled 
or in folds; 133. 

Cortex, Rind oi bark. 

Cortical (-aZts). Relating to bark. s 

Corticate {-atus). Coated with a bark 
or with an accessory bark-hke cover- 
ing. 

C6ryrnb {Corjmbus), A fiat-topped or 
merely convex and open fioweiMiluster 
of the indeterminate or centripetal 
order; 146. 

Corymhiferous (-w) Bearing corymbs. 

CSrymJboso, In corymbs, or in the man- 
ner of a corymb. The corymb of 
Linnans and of other Writers down 
to Keeper included most cymes. So 
that much cymose inflorescence is 
in descriptions loosely said to be 
corymbose, or a stem is said to be 
corymbosely branched, even when 
the evolution is centrifugal; 146. 

Costa. A rib; when single, a midrib 
or mid-nerve. 
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Coatal-neroed. With nerves springing 
from a midrib , 92. 

Coatate (-aizis). Bibbed , furnished with 
one or more longitudinal primary’ 
veins or iibs. 

Cotyledonk ( Cotylf^on^ pi Cotyledones). 
The ‘‘ seed-lobes,” being the leaves or 
first leaves of the embryo ; viz , the 
one, or the pair, oi rarely the whorl of 
leaves borne by the radicle or cauhcle; 
10, 311, 313. 

Cotyhformis Dish-shaped, or wheel- 
shaped with an erect or ascending 
bolder. 

Cratenform {-ornu). In the shape of 
a goblet or cup, of hemispherical con- 
tour or more shallow , 248 
Ci'tmiocm'p ( CremocArpium ) A dry and 
seed-like fruit, composed of two one- 
secded carpels, invested by an epigy- 
nous calvx, and separating at matu- 
rity, 207 

Cnepmy Running along or under 
ground and rooting; 53 
Crena^ Ch'enatura A rounded tooth or 
notch. 

O'enate ( Toothed by crenatures ; 
scalloped; 98 

Crenti^ CreneUed. Same as Crenature 
and Crenate. 

Crenulate {-atus). Diminutive of Cre- 
nate, i. e. with small crenatures. 
Created. Furnished with any elevated 
line, ridge, or conspicuous elevation 
on the surface, especially such as may 
be likened to the crest of a helmet. 
Cretaceua. Chalk-white; chalky. 
Cribroae and CHhrifcrm {’-ormia). 

Pierced like a sieve. 

Cribiujorm Celia, 77. 

Crinitua. Bearded with long and weak 
hairs. 

Criapatua. Curled or crispy. 

Cristate (-aius) Crested. 

Croceua, Ch'ocatw. Saffron-colored, i. e. 

deep reddish-yellow. 

Crosihbreeda. The progeny of interbred 
varieties; 321. 

Croaa^fertilizaHon. Fecundation by pol-* 
len of another flower and of another 
individual; 216. 

Crom. See Corona, 210; 246. 

Crouned. See Coronate. 

Crommg {Coronana). Bome on the 
summit of an organ. 

Cruciate (-attts), Cruciform {■’Omtia). 
CroBS-ehaped. 

Cruoiferovs (-its). Cross-bearing; used 
in the sense of Cruciform ; as the 


“cruciferous” corolla of order 

Gruciferae; 246. ' Vj, 

Crumipled. See Corrugate. - ^ * 

CruUuoeoua {-as). Of hard and brittle 
texture. 

Cryptoa. Greek for concealed; whence 
Cryptogamia. Cryptogamous or Cryp- 
togamic plants ; 3, 335, 344. 
Cryptogamous Pertaining to the above. 
Cucullate (-utm), Cuculldi*is, Cuculli- 
formia Hooded, or hood-shaped, 
cowled. 

Oulm ( Culmua). The peculiar stem or 
stiaw of Gram-plants and Grasses, 60. 
Cultrate (-a^), Cultrifoi'uiL. Shaped 
like a broad knife-blade 
Cmeate ( Cuneatua), Cuneiform (-omts). 
Wedge-shaped; triangular with an 
acute angle downward , 95. 

Cup-shaped In the foini of a diiiikiiig- 
cup. 

Oupule {Cupula). The acom-cup and 
the like, 296. 

Cupular 18 , Cupulatus Furnished with 
or subtended by a cupule or any re- 
sembling body 

CupuUferoua (-its). Cupule-beanng 
Curvinerved {-iua). When the ribs of a 
leaf are curved in their courhe ; 92. 
CurviaArial. In curved or oblique ranks ; 
124. 

Cushion. The enlargement at or be- 
neath the insertion of many leaves. 
CSt^date {-atua). Tipped with a Cu^, 
or sharp and rigid point ; 97 
Cut. Same as incised, or in a general 
sense as cleft. 

Cuticle ( Cuticula). The outermost skin 
or pellicle. 

Cutting. A severed portion of a plant 
used for bud-propagation , 43. 

CydneuB A clear bright blue. 
Cydthiform i-crmia). Cup-shaped; in the 
form of a 

Cydihua. A drinhing-cup, such as a 
goblet or wine-glass. 

Cycle A circle. Sometimes used for 
one turn of a helix or spire ; 122. 
Cyclical Relating to a cycle ; or coiled 
into a circle ; 119, 120. 

Oylindmceoua. Somewhat or nearly 
cylindrical. 

Cylindrical (-tw). Elongated and with 
circular cross-section; in the form of a 
cylinder 

Cymbaform or CymM/orm {-ormia). 
Boat-shaped. 

Cyme ( Cyma). A flower-cluster of the 
determinate or centrifugal type. 
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especially a broad and flattish one; 
161. 

CyjwMtryose, When cymes are ar- 
ranged in botiyose manner, 169. 

Cymose i-osus). Bearing cymes, or re- 
lating to a cyme ; 161 

Cymule {^Cymula), Diminutive cyme, 
01 a portion of a cyme, 161. 

Cynarrhddium Name of such a fruit as 
that of the Rose; fleshy, hollow, and 
enclosing achenia. 

Cypsela Name of an achenium in- 
vested by an adnate calyx, as the fruit 
of Composite; 296 

Cj^stolith. One of the mmeral and 
iLsually partly crystal line concretions 
of the cells of epidermis of or 
subjacent tissue of the leat in various 
plants, especially in Umcaceae 

Qytoblagt, An obsolete name for the 
nucleus of a cell of cellular tissue. 


Ddctylose (-oatM). Fingered, or finger- 
shaped. 

Dasyph^Uons (-im). Woolly-leaved. 

Da^uU {-atus). Whitened over (as if 
whitewashed) with a white powder or 
mmute pubescence 

D^ca, Greek for ten, compounded with 
various words, such as 

One of the Lmnaean artificial 
orders; 337. 

Dtcdgyncus (-its). With ten styles or 
carpels. 

D^cdinerow (-us) Of ten members ; 176. 

Deoandria, A Linnman class with ten 
stamens; 334. 

Decdndrous (-us). With ten stamens; 
249. 

Lecapetalous Deeasepalous, &c. 

With ten petals or sepals, &;c. 

Deciduous (-tts) Falling, or subject to 
fall in season, as petals after anthesis, 
and leaves (except of evergreens) in 
autnmn; 243. 

DScUnate (-atus), or Declmed Bent or 
curved downward or forward. 

Decompound Several times compound- 
ed or divided; 102, 104. 

Decomposdus. Decompound. 

Decumbent (-ens). Reclining, but with 
summit ascending ; 63 

Decurrent (^ns), Decunive, Running 
down into ; ns where leaves are seem- 
ingly prolonged below their insertion, 
and so run down the stem. 

Decussate (-atus). In paiis alternately 
crossing at right angles 


Deduplication^ Fr. Dddoublement. Same 
asChonsis, 202. 

Definite i^-itus). Of a fixed number, not 
exceeding twenty ; or of a fixed order. 

Definite Infiorescmce Where axes of 
infioiescence end m a flower; 144, 151. 

Defiexed {-us) Bent or turned abruptly 
downward. 

Deflorate {-atus). Past the flowenng 
state. 

Dejoliate {-atus), Havmg cast its leaves. 

Dejoliution, 87. 

Dehiscence {-entia). The mode of open- 
mg of a capsule or anther by valves, 
slits, or regular lines ; 288. 

Dehiscent {-ens) Opemng by regular 
dehiscence; 292. 

Deliquescent (-ens). Dissolving or melt- 
ing away, as a stem divided into 
branches, 48. 

Deltoid {-aides). Having the shape of 
the Greek letter A. 

Demersed {-w). Underwater; same as 
submersed. 

Dendritic {-icus)^ Dendroid (-otdeus). 
Tree-like. 

Dendron. Gi eek for tree. 

Deni Ten together. 

Dens. A tooth. 

Dentate {-atm). Toothed ; specially with 
sahent teeth not turned forward ; 98. 

Denticulate {-aim) Minutely toothed; 
having denticulations, or diminutive 
teeth 

DenMate {-aim). Made naked , stripped. 

Deormm Downwards. 

Depaupeacate {-atm). Impoverished; as 
if starved; or diminutive for want of 
favorable surroundings. 

Depressed (-us) Having the appear- 
ance or shape as if flattened from 
above. 

Derma. Greek for skin or surface of a 
plant or organ 

Descending (-ens). Tending or turning 
gradually downward. 

Descending Aans. Primary root; 11. 

Determinate- Limited in number or ex- 
tent; as, are the axes of deterrmnate 
inflorescence; 144, 151. 

D^smens. Teiminating in. 

Desmos, Greek for things bound, or as if 
chained together 

Dextrorse {Dextren'susi adv, Deastror-' 
sum) Toward the right hand, or re- 
lating to It; 51, 140. 

Di, Dis. In Greek compounds, two, or 
double 

Dmidiemtm, S}Tionym of Cremocarp. 
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iHoMphia, A LinnKaa (335) class 
having the stamens. 

Duiddphoub (-U6) Combined by their 
tilanientb into two sets ; 250 
J)ia(/n6si$. A bnef distinguishing char- 
acter, 

DialypatalcB^ 341. 

DialypUalouit Same as polypeta^ 

luus, 1 . a, of separate petals , 244. 
DuUyphylloits (-Mi). Bearing separate 
leaves. 

Diandtia A Linnsean class with per- 
fect flowers havmg only two stamens; 
334 

Dmndt'ms {Dtwndar^ &c ). Havmg two 
stamens, 249. 

Didpharums (^s). Letting the light 
shine through. 

DicarpvlUii y Composed of two carpels 
or pistil-leaves , 26 L 

Dichdmm. A two-parted or two-rayed 
cyme, 162, 155, 

JDichlam^deous {-eus). Having a double 
perianth; 191. 

JDichStomtma (-w). Forked m pairs; 
two-forked. 

DicMyamom (-ttf), Dichogamy^ Hei^ 
maphiudite with one sex eailier de- 
veloped than the other in the blossom; 
219. 

JDiclcsiuin. Name of a fruit consisting 
of an achcnium within a separate and 
free covering made of perianth, as that 
of Mimbilis. 

Diclinous {Diclinis), When flowers are 
of separate sexes ; 191. 

DicdccouB (-*«)• Fruits of two cocci 
DicotyWons^ DicotyUdonss. Plants of 
the class marked by having two coty- 
ledons; 27, 339, 340, 344. 
Dicotylidonous («ews). Having a pair of 
cotyledons; 10, 814. 

DUymms (-w). Twin, found in pairs. 
Didyndinia. The Linnaian class marked 
by dulynamy (336), £. e* 

Didjnamous (^). When a 4-androus 
flower has the stamens in two pairs, 
and one pair shorter than the other; 
250. 

Dkrmlis. Mirbel’s name for a dry 
flruit comiwsed of several cells or car^ 
pels connate around a central axis, 
and separating at maturity, as that of 
Mallow. 

Diffttnnis. Of unusual formation. 

Diffust (-MWS). Widely or loosely 
spreading. 

DigamtniB (-iw). Of two sexes in the 
same cluster. 


Digitate i-atus). Fingered; a compound 
leaf in which all the leaflets are home 
on the apex of the petiole , 101. 

Digitately In a digitate mode; same 
as Palmately. 

Digitate-PifUfiate^ 104. 

Digynia, A Lmnaean order character- 
ized by havmg the g 3 nttoecium 

Digynom^ With two separate styles or 
carpels; 261. , 

Dimerous (-us) Of two members in each ^ 
circle, 176. 

Dimidiate (-atiw). Halved, or as if one- 
half was wanting 

Dimoiphous (-tw), Dimorphic^ Dtmor^ 
phism Occurring under two forms; 
225. 234 

Duecia Linnman class (355) of plants 
with the flowers 

Dtmeious {Dicecius, Dioicous), Unisex- 
ual, and the two sexes borne by dis- 
tinct individuals , 191. 

Duscio-polygamous. When some indi- 
viduals bear unisexual and others bi- 
sexual flowers. 

Dipetalous i-us)* Two-petaled; 244. 

Diphjjllous l-us) Two-leaved ; 243. 

Diplo* See Duplo. 

DiplostemonouSf Diplostdmony Having 
twice as many stamens as petals or 
sepals, 177, 198. 

Dipiotegium. A capsule or other dry 
fruit, invested with adnate calyx; an 
inferior capsule. 

Dipterous -(t«). Two-winged. 

Diremptiun (-*o) Syn. of Chorisis ; 202. 

Disdferous (-us) Disk-beanng. 

Disciform {-ermis). Depressed and cir- 
cular, like a disk or quoit. 

Discoidal or Discoid {Disooidem). Ap- 
pertaining to a disk A discoid head 
18 one destitute of ray-flowers. 

Disc or Didc (Discus) A word used in 
several senses. The disk or dlio of a 
flower is a development of the torus 
within the calyx, or within the corolla 
and stamens ; 213. In a capitulum or 
head of flowers it is the central part 
of the cluster, or the whole of it as 
opposed to a border or ray. It is the 
face or surface of any organ, such as 
a leaf-blade, as opposed to the mar- 
gin. In vegetable anatomy, certain 
round spots or markings on cell-walls 
are termed discs. 

Discolor. When the two faces of a leaf, 
are unlike in color. 

Discrete {’^tus). Separate; not coales- 

I cent. 
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Disepfdous {~ut) Two-sepaled ; 244. 
Disk-flowers. Those belonging to the 
disk, or body, and not to the margin 
or ray of a capitulum. 

Dissected (-wfi) Deeply cut or divided 
into numerous segments. 

Diss^ment {Sntum). A partition in an 
ovary or pericaip, 264 
DissUient (-ens) Bursting asunder or 
in pieces. 

Distichotis i-us). Disposed in two ver- 
, ticalianks, 122 

Distinct {Distinctiis). Separate from; 
not united 

DistractUe {-ilis). Carned widely apart. 
Diihecous Of two thecae, or cells, 

as are most anthers , 254 
Diurnal Daily , occurring m the day; 

sometimes used for ephemeral. 
Divaricate {-atm) Extremely divergent. 
Divergent^ Diverging (-ens) Inclining 
away from each other 
Divided {Divisus). Where lobing or 
segmentation extends to the base; 98. 
Dodeca Greek for twelve Used m 
Dodecag^nia Linnssan order with flow- 
ers. 

Dodecdgynous. Having twelve styles or 
distinct carpels. 

Dodecdmerom (-«s). Of twelve parts in 
the circle. 

Dodecandria. A Lmnaean class (334) 
with the flowers. 

Dodecandrous. Having twelve (or from 
12 to 19) stamens; 249. 

Dodrantdlis. A span (about mne inches) 
long. 

Doldbnjorm {-oimis). Axe-shaped or 
hatchet-shaped. 

Dorsal {-alls). Relatmg to the dorsum 
or back. 

Dorsal Suture. That which answers to 
the midrib of a carpel ; 261. 
Domferous Borne on the back. 

Double Has a technical use when a 
flower is said to be “double;” this 
denoting one in which the leaves of 
the flower are monstrously increased 
mostly at the expense of the essential 
organs 

Downy. Pubescent with fine and soft 
hairs. Loosely syn ony mous with soft- 
pubescent, tomentose, dec. 

Drepmium. A sickle-shaped cyme; 166. 
Drupaceous ( -em). Resembling or relat- 
ing to a drupe 

Drt^e {Drupa). A atone fruit; 297, 
DrupeUty Drupel {Druphla)^ A dimin- 
utive drupe; 297. 


Drupitum. An aggregation of drupes; 
300. 

DucU In vegetable anatomy, an elon- 
gated cell or tubular vessel, lound espe- 
cially m the woody (hbio-vaacular> 
parts of plants. 

Diimeiuse (-oswa). Pertaining to Duma- 
turn, a thicket, or Dutnus^ a bush 

Dumose (-osus). Bushy, or relating to 
bushes 

Duph Twice as many. In Greek com- 
pounds, Diplo. 

Duramen. The heart-wood of an exo- 
genous stem ; 80 

DwarJ Of small size or height com- 
pared with Its lelatives 

Dyclesium See Diclesium. 


E- or Ex- As a prefix to Latin words, 
carries a privative meaning, as Ecos- 
tate, without nbs, Exalbummousy with- 
out albumen. 

Eared. Same as Auiiculate. 

Ehracteate, Ebracteolate (-a^uf) Desti- 
tute of bracts or bractlets. 

Ehumem Ivory-white. 

Ecdloarate (-atm) Spurless 

Echinate {-atus). Beset with pnckles, 
like a hedgehog. 

Eckinulate {-atm). Beset with diminu- 
tive prickles. 

Edentate {-atus) Toothless. 

Effete {-etus)y or Effeetus. Past bearing; 
functionlesB from age. 

Efflorescence {-enUa) The time or state 
of blossoming; anthesis. 

Effuse {-mus). Very loosely spreading, 
more so than diffuse. 

Eglandulose {-osus). Destitute of glands. 

Egg-shaped, See Ovate. 

Eldter. One of the spiral or spirally- 
marked threads in the spore-cases of 
certain Hepaticm. 

Eldtus. Tall or lofty. 

Eleuiheros. In Greek oompounds, sep- 
arate or distinct. 

Eleutheiopetahus {-us). Same as Chori- 
petalous or Polypetaloua , 246. 

Elli/jsoidal {-eus). An elliptical solid; 
sometimes used for nearly elliptical. 

Elliptical (-us). In the form of an el- 
lipse. Oval or oblong with regularly 
rounded ends, 95. 

Emaretdus. Flaccid or withered 

Emarginate (-aim). With a notch cut 
out of the margin ; or, as usually ap- 
plied, out of the extremity ; 97, 

Embracing. Clasping by the base. 
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imbryo or Embryon The rudimentary 
plantltit foiiued m a seed ; 9, 311. 
Embryonal. Relating to the embryo; 

as Embi'yonal VasicU ; 284. 

Embiyo~i>ac, The cell m the ovule m 
which the embryo is formed, 283. 

Einbt yoymy, Embryo-tonuatiou 
Ementd {.Emersus) Kaiscd above and 
out of the water. 

Enantwblastus. With embiyo at the end 
of the seed diametrically opposite the 
hilum. 

Enation. Having outgrowths from the 
surface, &c. ; 179. 

Endeca. lu Gieek compounds, eleven, 
as in 

Endecundi'otis^ Endecagynows. With 
eleven stamens oi eleven styles, &g 
Endiivac Coiilincd geogiaphically to 
the particular legioii 
J^ndocarp i^-arpium). The inner layer of 
^aperiuaip, 288 

Endochroitm \-oma). Peculiar coloring 
matter in cells; especially the color- 
^ ing matter of Algie. 

Endogens, Endogena, Endogenous 
Plants; 70. 

Emldgarums stmcture^ 70. 

End(y!>leura, Inner seed-coat; 306. 
Endophlcmm Inner bark; 77. 
Endorhizal (-im). Said of an embryo 
which has the radicle sheathed by 
the cotyledon or plumule wrapped 
around it in many Monocotyledons ; 
hence 

Endorhism Synonym of Monocotyle- 
, dones. 

Endotperm (-emww). Synonym of the 
albumen of a seed ; or the inner albu- 
men ; 14, 310. 

Eiidoit<mt (-oma). The foramen of the 
inner coat of an ovule; 277. 
Endothmum* Inner lining of the cell of 
an anther. 

Enerviui. 'Nerveless; no ribs 
or veins visible. 

Ennea, In Greek compounds, nine; 
as in 

Emeng^nia, A Linnsean ordinal name, 
and 

Emedtjytwus With nine separate styles 
or carpels; 337. 

Enneawirin* Wnncean class, and Enne^ 
andrcm^ with nine slamens ; 249, 334. 
Enddal (Enodis), W’'ithotit a node. 
Ematw, Same as Knsiform. 

Ensiform (-ormis) Sword-shaped ; i, «. 
like a broad sword, or the leal of an 
Iris. 


EfUire. Without toothing or division; 

the margin whole and even; 97. 
EntcmiophUous. baid of flowers which 
are habitually fecundated by pollen 
, earned by insects , 217, 218. 

Entophytes {Entopkyta) Plants grow- 
ing m or out ot other plants, as cer- 
tain Fmigi, &c. , 4 

Ephemeral. Lasting only for one day. 
Epi. In Greek compounds, upon 
Epibla^t {-us). Name sometimes given 
to the fiist (and an undevelopmg) leaf 
of the plumule of the embiyo of grasses 
and grain. 

Epiblobtema. A superficial outgrowth 
from leaves, &c , 210. 

Epicalyx Name sometimes given to 
an involucel resembhng an accessory 
calyx 

Mptcarp {Epical pium). The external 
layer of a pericarp; 288 
EpickUtum. The terminal portion of 
the labellum of an Orchid, when this 
is of two parts. 

Epiclinal {^). Upon a torus- 
EptedroUine. Upon a corolla. 

Epidei'fnis. The skin of a plant; 76, 89. 
Epigasous {-eus) Growmg on or out of 
the ground. 

Epigynous {-us). Literally on the pistil; 
meaning on the ovary, or seemingly 
so; 183 

EpipetaUms Borne on (adnate to) 
the petals ; also used in the sense of 
placed before the petals 
Epiphlosum. The outermost or corky 
bark; 76. 

EpiphylUm {-us). Growing on leaves. 
Epiphpal. Pertaining to 
epiphytes {Epiph^). Plants gronring 
on other plants by way of attachment, 
but not parasitic; air-plants; 35. 
Epiptenms Wmged or wing- 

boaring at summit. 

Episepalous. On the sepals; also used 
in the sense of standing before a 
^ sepal. 

Epiy>erm {Epi^ermium). The coat or 
^ outer coat of a seed ; 305 
Epitropovs (^). Name (by Agardh) of 
an anatiopous ovule with rhaphe 
aveise when ascending, adverse when 
su'^pcndocl: 282. 

Egual (jEquttUs). Alike as to length of 
^number, &c., as the case may be. 
EquitatU I ) Rid mg ; folded around, 
as if straddling over; 108, 188 
Erect {Eftetus). Standing upright, 
mostly in relation to the ground. 
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sometimes when perpendicular to the 
surface of attachment. 

£r%on, Greek ibr wool; used in com- 
pound words, as 

JSo'ianthus, With woolly flowers. 
JEndphortis Wool-bean ng. 

ErwphjUm Woolly-leaved 
Erdstrate {Et'ostm) Beakleas. 

Eroie i^Ermus). Ah if gnawed; applied 
to an irregularly toothed or eroded 
margin. 

Erythros, Greek for red, used in com- 
pound terms from the Greek. 
Erytkrdstomtan. Name given by Des- 
vaux for such an aggregate fruit as 
a raspberry; 300 
Estivation. See JBstivation 
Etcsrio. Name of aggregate fruits, 
especially of fleshy ones, such as a 
blackbeny. 

Etiolated. Blanched by darkness 
Eu. Prefixed to words of Greek den- 
vation denotes very, true, oi much so 
Fiequeiitly used in names of sections 
or other groups ; 857. 

Eupk^Un. Foliage-leaves, or true leaves 
Eutropic (-IC 2 W). Name suggested for 
twining “with the sun;” 51. 
Evalvular (Emlvis). Not opening by 
valves. 

Evergreen. Beanug green foliage all 
the year round 
Evittatus Not vittate. 

Ex. A prefix in place of E privative 
when the following part of the com- 
pound begins with a vowel; as 
Esmlbvminms (-obus) Destitute of albu- 
men ; 14, 809. 

Exdlate (-atus). Destitute of wing 
Exanthemata. Eruptive excresceiisos on 
the surface of leaves, &c. ; blotches. 
Exaristate {-aim). Destitute of an 
arista or awn. 

Exasperate {-atus). Rough with hard 
projecting points, 

Excentnc { icus). Out of the centre; 
one-sided 

Excuirent {-ens). Running through to 
the very summit or beyond ; 48. 
Exiguus Small or mean. 

Exilis, Lank or meagre. 

Eximius Distinguished, as for size or 
beauty. 

Exo-. In Greek compounds, external or 
^ outward , as 

Exocarp ( Exocarpim). The outer layer 
of a pericarp , S88 

Exdt/enous. Outside growing, as the 
wood of Dicotyledons; 69, 78. 


ExogenSj Exogena. Exogenous Plants; 
69, 340. 

Exorhisxe. Name equivalent to Exogen, 
from 

Exorhvsal (^}. The radicle not sheathed^ 
so the pnmary root in germination 
^ has no covenng to break through. 
Exostome {Exdstoma). The foramen of 
the outer coat of the ovule; 277. 
Exothecivm. The outer wall of an 
^ anther. 

Explanate ( atm) Spread out flat. 
Exsirt, Exserted {Exskrtus). Protruding 
beyond or out of, as stamens beyond 
, the coiolla. 

Exstipulate {-atus). Destitute of stipules. 
Exterior. External in the sense of outer. 
But also in the flower sometimes used 
m the sense of anterior. 

Extine. Outer coat of a pollen-grain. 
Extm-axiUary Beyond or out of the axil 
Extrorse {Extrorsus, Extrorsum) Di- 
rected outwaid; 253. 

Eye. A gaidener’s name for an unde- 
veloped bud. 

Facies. Face ; the general aspect. 
Falcate {-atus)^ and Falcifm'm {-ormis). 
Scythe-shaped or sickle-shaped ; plain 
and curved, with the edges paialleL 
Family In botanj*-, synonymous with 
Order; 326. 

Fan-shaped See Flabelliform. 

Farina Starch. 

Faimaceovs {-eus) Of the nature of 
staich, or containing it. 

Fminose (-osus). Covered with a meal- 
like powder. 

Fasdate {-atus). Said of monstrous ex- 
pansions of stems, giving the appear- 
ance as of several stems coalescout in 
one plane. 

Fascicle {-icula). A close cluster or 
bundle, whether of flowers, stalks, 
roots, or leaves; 147, 168 
Fascicled {Fasciadatus^ Fasdcularis). 
In a fascicle; 131. 

FasHgiate {-atus). Said of branches 
when parallel, clustered, and erect 
Faux^ pi. fauces. The gorge or throat 
of a gamophyllous calyx or corolla; 
either at the on lice, or a portion 
between the limb and the proper 
tube ; 246. 

Fdveolate {-atus\ Favose {-osus). Honey- 
combed ; same as Alveolate. 
Feather-vevMd. Having veims all pro- 
ceeding from the sides of a midrib. 
Feathery. See Plumose. 
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f'icuia or Fcacula, Starch-like matter. 
Applied to a pietillate flower, or to a 
plant producing only such flowers. 
Fenestrate (-atus)^ Fenestrala. Pierced 
with large holes, like windows 
Ferrugmeovs or Ferruginous {Ferru- 
f/ineus). Colored to imitate iron-rust 
Fertile {-ihs) Fruitful, fruiting, oi ca- 
pable of producing fruit ; as a fertile 
flower IS one provided with a well- 
formed pistil; 191. In English desciip- 
tioiib. Flower fertile usually meanb a 
pistillate or female flower. Stamens 
or anthers are also said to be fertile 
when polliniferous and capable of fer- 
tilizing 

Fe'i tilizatbon Synonym of fecundation, 
as of the ovule bv pollen ; 215 
Fih)e (Fibrn) Any fine filament, the 
elementary components of wood, &c ; 
delicate roots, &c 
Fibril (-lUa) A diminutive fibre. 
Fibrillnte FibnUou (-om) 

t’urniblied or abounding with fibres 
or (ibuls. 

Ffhrtm, Fibiose (-om). Composed or 
of the uutme of fibres 
Ftbro*\msoulai\ Consibliug of woody 
nines and ducts. 

Fitltlh-skaped, Obovate and with a 
sinus or contraction on each side. 
Ftdits, A Latin termination for cleft or 
lobed. 

Filttmeni {-entvm). The stalk or sup- 
poit of an anther; 105,251. Also any 
libre-shaped or thread-like body 
Filamentous^ Filamentose {^xtus) Com- 
posed of threads or filaineiitH. 
FiUrobtpj, The botany of Ferns: re- 
placed by Ptoiidolog 3 % 

Filiform {-omis) . Thread-shaped; long, 
slender, and terete. 

Fifipmlulous (-MS). Hanging from a 
thread. 

Fimbria, A fringe, or dissected border 
Fimbriate (-atus). Fringed; bordered 
by slender piocesses or marginal ap- 
pendages 

Fi/ubnllate Fimbnlllferous (-«s). 

bearing Fimbrill<B or diminutivefnnge. 
Fingered, Sec Digitate. 

Fissiparom. Multiplying by the divi- 
sion of one body into two, and so on. 
Fism. Split or cleft. See Fidus. 
Fistular^ Fistuhse (-o«w). Hollow 
through the whole length, as the leaf 
and stem of an Onion. 

Fltibellnte FlabeHtform (-omis). 

Kan-shaped; much dilated from a 


wedge-shaped base, and the broader 
end rounded 

Flabellinerved, With radiating straight 
nerves; 92. 

FldgeUate (-«fus), Flagellaris. Produc- 
ing filiform runners {Flagella)^ or 
runner-like branches. 

Flagellifoi'm {-ormis). Runner-like; 
long, slender, and supple like a whip- 
lash or Flagellum ; 53. 

Flammem Flame-colored. 

Flavestent {-ens). Yellowish or pale 
yellow. 

Flcmts, Pale yellow or ochre-yellow. 

Fleshy Succulent, of the consistence 
of flesh. 

FlexuouSf Flexuose (-osuf). Zigzag: 
bent alternately in opposite direc- 
tions. 

Floatmg Borne on the surface of water. 

Floccose {-osus) Bearing or clothed with 
locks of soft hairs or wool {Jiocci). 

Fhcculent Dinunutive of floccose. 

Flora (Goddess of flowers). The aggre- 
gate of the plants of a country or dis- 
trict, or the name of a work which 
systematically describes them; 369. 

Floral, Bolongmg to the flower. 

Floral Envelopes Flower-leaves; 164. 

Floret, A small flower, one of a cluster 

Floi'ibimdus, Abundantly floriferous. 

Floi'-iferousiFlorifer^ Floriferus), Bear- 
ing floweis 

Fldrtda. A small Flora; the Flora of 
a restricted district 

Flos Latin for flower. — Flos plenus. A 
double’’ flower; that is, one m which 
petals are increased abnormally, com- 
monly at the expense of the andree- 
oium or the gynoecium also ; 171. 

Fldsculus Latin for floret 

Flmoer, The whole reproductive appa- 
ratus m a phflsncgamous plant; 163. 

Flower-bud. An unexpanded blossom 
or undeveloped cluster; 40 

Flowenng Plants, 3, 344 

Flowerless Plants^ 3, 344. 

Flidtnns, Floatmg. 

FHviatile, Fhividtilis. Belonging to a 
river or running water. 

Fly-traps^ 113 

Fomineus Feminine or female flower, 
plant, &c. ; 191 

FoUaceous (-etw). Leaf-like in texture 
or appearance; or bearing leaves. 

Foliar {Foliam), Relating to leaves. 

FoHation {FoUaiio). Leafing out. 

Foliate (witw). Having leaves. With. 
Latin numerical prefix, Ufoliate^ tri- 
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foliate^ and so on, according to the 
number. 

Fol^form (-omis). Leafnahaped. 

Fdllolate (-atus). Having leaflets : their 
number may be indicated by Latin 
numerals, as bifoUolate^ trifciUolate, 
&c.; 102. 

Foliolum. A leaflet; 102. 

Foliose, Bearing numerous leaves. 

Folium, Latin for leaf, 85 

FoUicetum A whoil or aggregation of 
follicles, 300 

Follicle i-ioulm) Fruit of a single carpel 
dehiscent by one (the ventral) suture; 
292 Name of the earliei botanists 
ibr any kind of capsular fVuit. 

Follicular (-orw). Pertaining to or like 
a follicle. 

Footstalk, Petiole, 85; or Peduncle, 143 

Foramen. An apeiture of any kind; 
specially that of the coat of the ovule, 
277 

ForamimUose {-osus). Pierced with many 
small holes. 

Fdrcipate {-atue). Like forceps or pin- 
cers. 

Forked. Divided equally into branches 

Fornicate Arched over, as by 

scales {Fomices) coveimg the throat 
of the corolla of HoundVtongue, dec. 

Foveate (’•atus), and diminutive Foveo- 
late. Pitted; impressed with shallow 
depressions or pits. Fovea. 

Fovilla. Minute granules in a hquid, 
in the protoplasm of the pollen-grain, 
&c., 258 

Free. Not adnate to other organs. 
Sometimes used in the sense of dis- 
tinct, (. e. unconnected with others of 
the same sort 

Fringed. See Fimbriate. 

Frond {Fions). An old name for leaf; 
employed mainly for the leaf of Ferns 
and other Cryptogamia, and certain 
Phsenogamous plants which serve for 
fhictiflcation as well as foliage; also 
for the peculiar foliage of Palms, 67. 

Frondeecence {sntia). The act of leaf- 
ing. Has also been empJov^d to 
express the metamorphosis o* floral 
organs into foliuge-l^aves , 174. 

Frcmdxm (ssm) tSometimes used in 
the sense of leafy; also frond-like, or 
bearing fronds. 

FrucHficalion The act or the oigans 
of fruiting or reproduction through 
flower and seed, or their analogues. 

Fructw Latin for Fiuit 

Fruit. The immediate product of fruc- 


tification ; in phsenogamons plants, 
the seed-vessel and contents, along 
with all mtunately connected acces- 
sory parts; 285. 

FrmUdots m Ferns. See Some. 

Frvmentaceous. Belatmg to grain (jFVm- 
mentfum). 

FnutiUose (-oaus). Consisting of similar 
pieces or Frustules {frustuXa). 

Fiutex A shrub. 

Fimtescent {-ens). Shrubby, or becom- 
ing so 

Fruticose {-osus). Shrubby, or relating 
to shrubs 

Fi'uiiculoae {-oms). Belatmg to a di- 
minutive shrubby plant 

Fruticulm. A minute or low shrubby 
plant. 

Fugacious. Falling or fading very early ; 
lasting a very shoit time 

Fulvous (-w«) Tawny; orange-yellow 
and gray mixed 

Fulcra Accesaoiy organs, such as ten- 
diilb, stipules, spines, and the like. 

Fulorate {-atus). Propped, supported 
by, 01 provided with accessoiy*- organs. 

Fuhgmom ( -osus ) * Sooty-bi own. 

Fungiform {-ormis and Fungilliformis), 
Mushroom-shaped 

Fvmgose (-om). Spongy m texture; 
fungus-like. 

FhUcule, Funiculus. The stalk of an 
ovule or seed; 276. 

Funnelform^ FumeUihaped] 249. See 
Infundibuliform. 

Furcate {situs). Forked; or divergently 
branched. 

Furcellatm. Diminutively forked. 

Furfitraceous (^eus) Scurfy; covered 
with bran-Iike scales or powder. 

Furrowed. See Sulcate. 

Fuscous {-jus). Grayish-brown in hue. 
Fusfmm (-omis). Spindle-shaped ; 
terete and tapering gradually to each, 
end; 31. 


GdV>ulus. The peculiar strobile of Cy- 
press and Jumper, composed of up- 
wardly thickened or fleshy scales; 
303. 

Galea. A helmet; name given, from 
its shape, to the upper sepal of Aconi- 
tum, and the upper lip of certain 
forms of bilabiate corolla; 247. 

Galeate {-atus) Having a galea; hel- 
met-shaped; 247. 

Gam(^, In Greek compounds, denotes 
union by the edges or coalescence. 
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4jamop€talou9. A corolla of coalescent 
petals ; formerly MonopetaJous , 244. 
OamophyllouB Composed of coa- 

leacent leaves 

GaviosapaUms A calyx of coalescent 
sepals; 244. 

Geitonoyaniy, Fecundation of a pistil 
by pollen of another dower of the 
same plant, 216 

Geminate (~atm) Twin; in pairs; two 
Hide by side. 

Gemma A bud, specially a leaf-bud 
Gemmation, Budding-growth; or the 
disposition of buds. 

Gemmule {GSmmula) Diminutive of 
gemma; minute and simple buds or 
bodies analogous to buds, also sy- 
nonym of Plumule Fora time used by 
Eiullichcr and others for the ovule. 
Genera, Plural of Genus; 323. 

General {‘alia). Opposed to partial ; as 
general involucre. 

Generic, Eelating to genus 
Genetic, Genealogical ; that which comes 
by inheritance. 

Geniculate Bent abruptly, like 

a knee. 

Genitalia, The stamens ^nd pistils or 
their analogues. 

Genus, Kind or group supenor to spe- 
cies, and which with the species gives 
the name to the plant; 323. 

Geoblast (-astus), A plumule which m 
germination rises from underground, 
such as that of the Pea. 

Germ. A growing point or initial growth, | 
as of a bud; or the Emhryo, 811. Or 
in the sense of 

Germen, The Unnsean name of the 
ovaty; 166. 

Germination (^tio). The act of devel- 
opment of the embtyo of a seed into a 
plant. 

Gerontagosaus (-onw). Belonging to the 
Old World. 

Gibbous^ Oibbose (~osus) Swelling out 
on one side into a gibber or gibber- 
csitg, 

Oigantius, Of unusual height, 

Oilms, Dirty yellow with a tinge of red. 
Ql^ftm {Glahtr), Smooth in the sense 
of not pubescent or hairj'. 

GlaJbraie i-atus). Somewhat glabrous, 
or becoming glabrous. 

GlabriMus, Almost but not quite 
glabrous. 

GladiaU i-atus). Sword-shaped; in the 
form of a sword-blade, wheUier straight 
or somewhat curved. See Ensifbrm. 
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Gland for Gians, An acorn and the 
like; 296. 

Gland ( Glandula). A definite secreting 
surface or structure on the surface of 
any part of a plant, or partly imbedded 
m It, extended to any protuberance 
or stincture of similar nature which 
may not secrete 

Glandular^ Olandvlose {-osus), Beanng 
glands or having the nature of glands. 
Glanduliferous (-va). Gland-beanng. 
Qlareosus, Growing in gravel. 

GlaucescerU (-ena). Verging upon or be- 
coming glaucous. 

Glaucous (^). Covered or whitened 
with a bloom, like that on a Cabbage- 
leaf. 

Globose i-osus). Having or approaching 
a sphencal form. 

Globular (-ona), Gldbuhse (-oa*w). Some- 
what or nearly globose. 

GlochideouSy Ghchidwite (-aftta). When 
bristles and the like are barbed at tip.. 
Glochis A barb. 

Glomerate i-atus) Compactly clustered, 
especially into a 

Glbmerule (Glomirulus, Glomus), A 
C 3 nnae condensed into a head or capi- 
tate cluster, 152. 

Glossology, 8, 359. 

Glumaeeous (-awa). Pertaining to or re- 
sembling glumes. 

Glume, Gluma One of the chaff-likc 
bracts of the inflorescence of Grasses 
and their relatives ; 143. 

GltmeUa, Diminutive of gluma ; an 
inner or secondary glume. 

Glutinous i-osu8). Covered with a sticky 
exudation. 

Obnophtyre ( Gondphorum), A stipe which 
elevates both stamens and pi^; 212. 
Ooss/ypine i-inus) Cottony; flocculent. 
Ordctlts, Slender. 

Gram See Caryopsia. 

Gramineous (-ewa) Eelating to grass or 
grain-beanng plants. 

Granular {<eris), Granulose {-osus). 

Composed of small grains or Granules 
Granulate {-atus), Oranullfervs Bear* 
ing grains or grain-like bodies 
Oravdolens, U iiploasantly strong-scented. 
Qriseus. Gray or bluish-gray. 

Qrumous ( Grumosus), Consisting of 
clustered grains. 

Outtate {-atus). Spotted as if by drops. 
OymnMhousi-us), Naked flowered- 
Qymnos. Greek for naked; used in com- 
pounds such as 

Gymnoedfpous (-iia). Naked-^fruited. 
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Gymnoaptmia, < A Linnsean artificial 
order of Didynaiuia, m which the 
nutlets resulting from four divisions 
of an ovary were taken for naked 
seeds; 337. 

Oymnosperma, Gymnospermcs. A sub- 
class of naked-seeded plants ; 268, 344 
Gymnoapermom {~ua). Naked-seeded, as 
opposed to Angiospermous. 

GynandiHa* A Linnaean class, character^ 
ized the flower being 
Gymndrom, Stamens home on (adnate 
to) the pistil, even to the style or 
stigma; 251, 335. 

G^n^se ( Gyndbam). An enlargement 
or production of the toius on which 
the gynoccium rests or is somewhat 
elevated ;v 212 

Gyruhdioaciotta. Dioecious with some 
flowers hermaphrodite and others pis- 
tillate only; 191 

OyncBCium, The pistil or collective pis- 
tils of a fiower, the female portion of 
a flower as a whole , 165 
Gjnophore (Gyfi6j)horum). The stipe of 
a pistil; 212 

Gynoateyium. A sheath or covering of 
the gynoecium, of whatever natuie 
Gynoatemmm The column of an Orchid, 
consistingof andioecium and summit 
of the gynoecium combined 
Gymte {-atua). Curved into a circle, or 
taking a circular course 
Gyroae (-om). Curved backward and 
forward m turns. 


Haint {EabUfis). The general appear- 
ance of a plant. 

Eabitat, Habitation; the geographical 
limits or station; 366. 

EamaHiic (-tcus) Brown-red. 

ffaira Outgrowths of the epidermis, 
consisting of single elongated cells, or 
of a row of cells 

Sairy> Descriptively applied to pilosity , 
or pubescence, in which the hairs are 
separately distinguishable. 

ffalbert- or Ealberd-ahaped. See Has- 
tate. 

Eaived, See Dimidiate; with one half 
absent or appearing to be so. 

Eamate (-aias). Hooked at the tip. 

EdmtUate or Eamuloae (-osus). Dimin- 
utive of Hamate. 

Eapha. In Greek compounds, simple 
or simply, as 

Eaphpetalus (-w). With only one row 
of petals. 


EaplostAnonotu (-tis). With a single 
series of stamens; 177. 

EaskUe {-aiua), Eaatdia. HsJberd- 
shaped, like the head of a halbeid, 
i. e. sagittate, but the basal lobes di- 
rected outward or at nght angles to 
the midnb of the leaf, 96. 

Eead. The form of mflorebcence termed 
CapUulum, viz. a cluster of sessile 
flowers on a very short axis and ceuti i- 
petal in evolution, 147. 

Eeai t-ahaped. Ovate with a sinus at 
base, 96. 

Heart-wood. The older and matured 
wood of an exogenous stem ; 80. 

Hebetate Having a dull or blunt 

and soft point 

Etlicmd {-o%deua)^ Eehcoidal. Coiled into 
a helix, or like a suail-shell In true 
helicoid inflorescence, the flowers are 
all in a single row, 155, 157. 

Helmet See Galea. 

Heholua. Dull and grayish yellow. 

HemL Half or halved; in Greek com- 
poimds, such as 

Hemi-anatj opom Half anatropous. 

Henucai p {-arpium) Half or one carpet 
of a Cremocarp. 

Bemitropous (-im). Same as amphitn^ 
pous 01 half anatropous. 

Septa. The Greek numeral seven. 

Heptagynia. A Linmean artificial order, 
liaving seven styles or distinct car- 
pels; 337 

Ileptdmerous (-w). Of seven members. 

Heptandria. The Linnaan class with 
seven stamens; 334. 

Beptnndrom. Seven-stamened; 249. 

Eetb {Herha), A plant with no persist- 
ent woody stem above ground ; 50. 

Eerbaceoua. Of the texture, color, or 
other characters of an herb. 

Herbariwn, Herbal. A collection of 
dried specimens of plants, systemati- 
cally arranged ; 380. 

Eercdgamoua (-ms) Said of hermaphro- 
dite flowers when some structure ob- 
stacle prevents autogamy. 

Hei'mopTirodiie Of both sexes; 

191. 

Eespevidvwm^ A hard-rinded berry, like 
an orange and lemon ; 299. 

Eeteracmy. Synonym of Dichogamy; 
219 

Eeteroa, In Greek compounds, denotes 
diverse or various, as 

Eetemcarpoua (-iw, BeterocarpiKm\ 
Producing more than one kind of 
fmit 
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Hettroc^haloma Bearing two 

kinds oi' head or capitulum. 

JhUt^clita {-itm). Anomalous in forma- 
tion 

ffeteiDcUne Nearly same as 

Hetcrocephaluus ; on sepaiate recepta- 
cles. 

Ilcterodromous (^). Spn ala of changing 
direction. 

Heterdffamew (-w). Bearing two kinds 
of flowers. 

Uetvi'oymmrn, Not uniform in kind. 

Jfvtero^one or Iltiterogmeus When the 
flowers are dimorphous or tnmor- 
phous as respects relative length, &c., 
of staincim and pistil ; 225, 234 

Beteri)stylecl, Same as Tleterogoiie ; 234 

HeteromcrouB, Ot members not corre- 
sponding in number. 

Iletero/ih^lous (-iw). Having leaves of 
more than one form. 

IIeterot7*6p<m (-us). Turned m more 
than one direction, or in an unusual di- 
rection; same as Amphitrdpous; 279 
(Also used by Agardh for collateral 
ovules turned back to back; 282.) 

jSeaca. Greek numeral six ; from which 
is fonned 

jHetcagyma, Linneean artiflcial order, of 
flowers with six styles or distinct car- 
pels; 337. 

StscOgynous, Having the character of 
Hexagynia. 

JSexdmerous (-cm). Of six members ; 176. 

Ilemndria. Lmnnan class with perfect 
flowers of six stamens ; 334. 

JSeauhdrous, Having six stamens; 249. 

Htaiap4tal<m (-im). Having six petals, 

JStmphjiUtm* Six-leaved. 

JSaaiopttrom (-cm). Six-winged. 

Ilesmipalous. Having six sepals. 

MttsaMnowva* Having six stamens. 

A winter-bud; 40. 

Middtn* Concealed fl-om sight ; as 

where the veins are in- 
visible, as in the leaves of Pinks and 
Houscleeks. 

Mmal Relating to winter 

Hilar (Silarit). Belonging to the hilum. 

JllUwn* The scar or place of attachment 
of the seed; 277, 305. 

JHippocrepiform (-^ortnis)* Horseshoe- 
shaped. 

Jfftmte (-cifttf ). Pubescent with rather 
coarse or stiff hairs. 

HMlUm (-CM). Minutely hirsute. 

iTffttM. Hairy, nearly same as Hirsute. 

(-Wim). Beset with rigid or 
bnstl/ hairs or with bristles. 


Bi^piduUma (-cm). Minutely hispid. 

Boary. Grayish-whito with a fine and 
close pubescence. See Canescent. 

Bolohenceous {-^us). Covered with fine 
and silky pubescence. 

Bonwcaifpous (-«s). With fruit all of one 
kmd. 

Bomodi'omom ( -cm), Bomodi omy, W ith 
spirals all of uniform diiection. 

Bomogamous (-cm) Beaniig one kind 
of floweis. 

Bomogentoits, All of one nature or kind 

Bom6gon<m or Homogone. Homomoi- 
phous as respects the stamens and pis- 
til, opposed to dimorphous; 225. 

Bonu}hgv,e A homologous organ or 
part 

Bomologous. Of one name or type, such 
as leaves and parts answering morpho- 
logically to leaves ; 6. 

BomoftidlhM. Said of leaves and the like 
which are all turned in one direction. 

Bonumorphous (-cm). All of one form. 

Bomostyled. Some as Homogone. 

B(m6tr<^ous i-us) Curved or turned in 
one direction , appbed also to the em- 
bryo of an anatropous seed, with rad- 
icle next the hilum , 312. 

Bood. See Cucullus. 

Booded, Bearing or in form of a hood. 

ifoctccM, Bomdtinus, Of the present 
year. 

Bomy Of the consistence of horn. See 
Comeus. 

BortensU, Bortuldivus, Pertainmg to 
the garden. 

Bortm siccfus Old name of an herbarium. 

BumL On the ground. 

Bmiifistu, Bumisti'dtus* Spread over 
the surface of the ground. 

BUmiUs, Low of stature, 

Byaline (-mcM). Tiansparent or trans- 
lucent 

Hybrid A mongrel, or cross-breed of 
two species; 821. 

Hydrcphjit^ {Bydrophjta), Water- 
plants. 

ByemdUs See Hiemalis. 

BypmihUm An enlargement or other 
development of the torus under the 
calyx; 214. 

Bypo, In Greek compounds, denotes 
under, beneath, lower. 

Bypwnthodiim. Same as Syconium; 
149, 803. 

BypoMitm. The basal portion of the 
labellum of an Orchid. 

Bypocr<iitrmf»pihom (-cm), or Bypocra^ 
Uriform^ but the latter is a hybrid of 
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Greek and Latin. Salverform or sal- 
ver-shaped; that 18 , mthe form of a 
salver raised on a central support or 
stem beneath. Said of a corolla and 
the like with slender tube abi uptly ex- 
panded into a fiat limb , 248. 

Bypoamm Growing or remain- 

mg underground, 19 

Byjpoffynous (^) ^ Under or free from 
the gynoecium or pistil ; 182. 

Bypqphylloub (-wa) Growing on the un- 
der side of a leaf 

HypophylUum An abortive leaf or scale 
under another leaf, or seeming leaf, as 
in Asparagus and Kuscus. 

Bypsoph^lla Answers to the German 
“ Hochblatter,” or high leaves, those 
of the inflorescence, a. e bracts and 
the like; 6. 

Mysteranthous With leaves pro- 

duced later than the blossoms. 


Icosandria. The Linnaean class with 
twenty stamens (as the name denotes) 
or a larger number, inserted on the 
calyx; 334 /cc»£mc?roua is the corre- 
sponding adjective ; 249. 

Imherbis, Not bearded 

imbricate (-ai^), iTnbricatme, Over- 
lapping so as to break joints,’’ like 
tiles or shingles on a roof; either with 
parts all in one hoiizontal row or cir- 
cle, as in the estivation of a calyx or 
corolla, when at least one piece must 
be wholly external and one internal; 
or with the tips of lower parts covering 
the bases of higher ones in a succession 
of rows or spiral ranks; 135. 

Immarginate (,-abtis). Not margined or 
bordered. 

Immersed i-w). Growing wholly under 
water, 

Impai-i-jpinnate. Pinnate with an odd 
tciuiinal leaflet; 101. 

InaquUatei'al (-a^w). Unequal-sided. 

[mms. Empty, as an anther containing 
no pollen. 

JnappendicukLte {-atus). Not appen- 
daged. 

Tncnnescent. Same as Canescent. 

Incnntts. Hoaiy-white. 

Incarnate {-cOus), Flesh-colored. See 
Cameus. 

Incised (-<«). Cut irregularly and 
sharply; 98. 

Included {Inclusus)* When the part in 
question does not protrude beyond the 
surrounding oigan. 


Incomplete (-cw). Wanting some essen- 
tial component part ; 190. 

Incrassate (-atua). Thickened, q 
incubous (-us). The tip of one leaf or 
othei part lying flat over the base of 
the next abo\ e it 

Incumbent (-em) Leaning or resting 
upon. 

Incumhent Anther, One lying against 
the mnei face of filament , 253. 
Incumbent Cotyledons, when the back 
of 0 ) e lies against the radicle; 313 
Incui'ved (-us) Bending from without 
inward. 

indefinite (-iiftM). Relates usually to 
number, this either uncertain or too 
many for easy countmg. 

Indefinite G)owth,i^. 
indefinite Infiorescence, same as Inde- 
terminate, 144 

indehiaceni (-ens) Not opening by valves, 
chinks, or along regular lines ; 288. 
indeteirmnate Not terminated abso- 
lutely, as the infloiescence in which 
no blossom ends the axis of the flower- 
cluster; 144, 146 

indigenous (-us). Native and original 
to the countiy 
Individuals, 315 

indivisus. Undivided, i, e, not cleft, 
lobed, or parted. 

indumentum. Any hairy covering or 
pubescence which forms a coating. 
induplicate (-atus). With edges folded 
in or turned inward. 

Jndusam The proper (often shield- 
shaped) covering of the sorus or fruit- 
cluster of a Fern. 

Induviate (-atus). Clothed with with- 
ered parts or InduvUs (clothing). 
Inequilateral, Unequal-sided; 106. 
Inermis, Unarmed, without prickles, 
thorns, &c. 

Inferior (Inferus). Said of one organ 
when below another. In the blossom 
also in the sense of anterior; 160. An 
inferior calyx is one below the ovary, 
or free ; 183. An infbnor ovary is one 
with adnate or superior calyx ; 183. 
Inflated (-attis). Bladdery. 

Inflexed (-us). Bent or turned abruptly 
inward. 

Infiorescence. Mode of disposition of 
flowers ; less properly used for a flower- 
cluster itself ; 141. 

Inf ra-axd lory (-aris) Below the axil 
InfundihuUform (^omiis), Infundibulnr 
(-aris), Funnolfoim, funnel-ehaped; 
249. 
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Zip. One of the two dirifllons of a bila- 
biate corolla or calyx, u c. of a gamo- 
ph>'llous 01 gall -which is cleft into an 
upper (superior or posterior) and a 
lower (inlcuor or aiiteiioi) portion or 
lip {labium). \ 

Litoral or Lutoial {-^ilis). Belonging 
to 01 glowing on the seashore oi river- 
shore 

Li Old {-idui,). Pale lead-colored. 

Lobe {Labile). Any division of an organ ; 
or spei'ially a rounded division or pio- 
jcction; U8 

Lvbtite {'^itiis) 01 Lobiid. Divided into 
or beat ing lobes ; 08 

Lobulate {‘ittm) Divided into small 
lobes Lobdttn, ov Lobules j 08. 

LSvellait {-atm). Divided into locoUi; 

m 

Locollus. A secondary cell, os wheie 
a proiMT cell {loculus) of an anther or 
an ovary is divided by a jiartition into 
two cavities; 251, 208. 

Ldculament {-entwu). Same as Loculus; 
280. 

L6c%tlaT (y/m). Celled; as bilocular, 
two-<'elled ; trilocular^ throe-celled, 
qmulnloeular, foui^elled, &c. 

IjQCuHHdnl (-wf«a), LocuHcide. Dehis- 
cent into the cell or cavity of a peri- 
car;) by the back, t\ e. through a dor- 
sal suture; 289. 

L^lm. The cell or cavity in an ovary 
or an anther. 

JUicuhte (-OSU8). Partitioned off into 
cells* 

L6custa* Name of a spikelet in Grasses. 

Lddicvlf^ Lodievia. One of the small 
scales next to the stamens in the flower 
of Grasses. 

Lmentaeeous (-eus). Bearing or re- 
sembling a 

Xjoment {LomMium). A legume which 
is constricted or which separates into 
one-seeded articulations ; 298. 

Lorate (•-aius). Strap-shaped or thong- 
shaped ; same as much-elongated 
linear. 

Lucid i-tdus) With a shining surface. 

Lunate (-attfs). Half moon-shaped; 
crescent-shaped. 

Idmtate (-a^). Diminutive of Lunate. 

L^Unt \-inm). Resembling a head of 
Hops, 

XjufiA (-Wiw). Dingy-brown. 

Lttsttf. A “sport” or variation ftom 
seed or bud; 319. 

ImUolm. Yellowish; diminutive of 
Luteus. 


Lutescent {-ms). Becoming yellow, or 
family yellow. 

Luteus. Latin for yellow 

Lycotropous (-ws). Said of an ortho- 
tiopous ovule when bent into an open 
curve or hoiseshoe form. 

Lyrate {-atus). Lyre-shaped; apmiiat- 
ilid form with terminal lobe laigc and 
rounded and one or more of the low'er 
pairs small, hence Lyratdy pinnate ^ 
101, &c. 

Macros. Greek for large or more prop- 
erly long; hence Macrantlius^ long- 
lowered; Macrocephalus, laige- 
headed; Macrqpodus, long-footed, or 
with long btalk, &c. 

Md&'ospore The larger kind of spore 
in Lycopodiacem, &c 

Mdculate Spotted or blotched, 

i e. with maauh. 

Malpiffhiaceous Jffairs. Those fixed by 
the middle and tapenng both ways 

MdmilUite (-atus), Mamillar (-atns). 
Bearing teat-shaped processes. 

Manmaform {-ormis). Breast-shaped 
or teat-shaped; conical with rounded 
apex 

Mammosus. Breast-shaped. 

Mancm. Deficient or wanting. 

Mdnicate {-atus). Said of pubescence 
so dense and interwoven that it may 
be stripped off like a sleeve 

Marcesceta (-ena), Marcidus. Withering 
without falling off; 243. 

Margimte {-atius). Furnished with a 
margin of a distinct character or ap- 
pearance. 

Marginiddal Dehiscent by the dis- 
junction of the united maigms of car- 
pels; 290. 

Marmoratus. Marbled; traversed by * 
veins or shades of color. 

Maritime {MariHmus). Pertaining to 
the sea or seacoast 

Mati, Masculm, Masculims. Belonging 
to the stamens, or staminate plant, or 
flower; 191, &c. 

Madced. See Personate. 

Mealy. See Farinaceous. 

Mtddal, Medim (Medidms). Belong- 
ing to the middle; in the plane of 
bract and axis; 160. 

Med\fims. Fixed by the middle; 268- 

Meddla. Pith; 76. 

Medullary. Relating to the pith Med- 
ullary Rays, 74 ; MeduUa^^ dieatk, 76. 

Meiost^noncus* With fewer stamens 
than petals. 
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MeUew. Having the taste or smell of 
honey. 

MeUiyo. Honey-dew. 

MeuiiranoiLb^ JMtmbranace(m& (-e««). 
Thin and rather soft or pliable, like 
a membrane. 

Meniscoid {-otdem). Concavo-convex, 
like a meniscus. 

M&ricarp {-atpiim). One of the akene- 
like carpels or a closed haU-hmt of 
Umbelliferie , 297. 

Meiimatic. Dividing mto parts or sim- 
ilar portions 

Merithallus. Synonym of Intemode. 
Mtrcm (^). In Greek compounds, de- 
notes parts or members; hence Dime- 
rous, of two parts, &c. 

Mesocaip {-arpyum) The middle layer 
ofapericaip; 285. 

M€8ophl<Buni. The middle or green 
bark, 76 

Metamorphosis^ Metamotphy^ 167. 
Micropyle {-yla). The spot or point in 
the seed at which was the onhce of the 
ovule; 277, 305. 

Microspo! e. The smaller kind of spore 
m Lycopodiacem, &;c. 

Mdrib The central oi mam nb; 92. 
Mmiate {-atut,) Yermilion-color. 

Mtstus or Miastus A cross-bieed ; 321. 
Mitrosform or MUriform (-ornis). Mi- 
tre-bhaped or cap-shaped. 
Monadelphia, The Lninman class con- 
taining flowers with Momdelphow 
stamens, u e. those united by their 
filaments into a tube or column ; 250, 
336. 

Monandiia, The Lmnman class (334) 
containing flowers with Monandrous, 
that is, a single stamen; 249 
Mondnihous (-ttf). One-flowered 
MonUiform (-ormis). Necklace-shaped ; 
cylindrical and with contractions at 
intervals. 

MonocaipeUary Of one carpel ; 261. 
Monocdrpic (4cus). MomcarpouSy Mm- 
ocarpian. Only once fruiting, 38. 
Monocephnlom (-4<s}. Bearing a single 
capitulum. 

Monachasium. A cyme with one main 
axis; 152, 155. 

Mmochlamj^deova (-etis). Ha^nng but 
one kind of perianth; 190, 340. 
Monoclinous {-«#). Synonym of Heima- 
phrodite. 

MonocotyUdon, MonoCotyUdoneSy adj. 
Monocotyledonow (-etis). Plants or em- 
bxyo with a single cotyledon; 23, 27, 
314, 339. 


Monolocular (-aris). One-celled. 

Monosda. Name of Lmnsean class (335) 
with flowers. • 

MontBCiovs (-ius), or Monoicous (-w). 
With stamens and pistils in separate 
blossoms on the same plant; 191. 

Monoyamia. Name of a Lmnsean arti- 
ficial Older, in class Syngeuesia; 337. 

Morngi^aph. A systematic account of 
particular genus, order, or other group ; 
369. 

Monoyynia. Name of a Linnsean arti- 
ficial order, with soUtaiy pistil, or 
style, 337; hence, adjectively, ATond- 
yynous; 267. 

Mondmerous. Formed of a single mem- 
bei ; 176 

Mmopetdlous (-us). Literally one- 
petalled , but always used m the 
sense of Ganiopetalous, which teim is 
to be prefeired ; 244. 

Monopliyllous (^-us). One-leaved. 

Mompode {Monopddium), Monopodial. 
A stem of a single and continuous 
axis, 55. 

Monopierom One-winged. 

M'onopyrmus. Containing a single stone 
or nutlet. 

Momsepalofus ( -us). Equivalent to Gam- 
osepalous; but literally of a single 
sepal, 244 

Monobpmnom (^) One-eeeded. 

M(m6i>Uclious (-us). In a single vertical 
rank 

Mondstylous (- ms ) With a single style. 

MofwsymmttHcal That which can be 
bisected into equal halves m only one 
plane; 175 

Mondtocous {-us). Bearing progeny 
(fruiting) only once, as annuals and 
biennials; 33. 

Monster ( Monsfrum). A monstrosity, 

or unnatural development. 

Morphologyy 6 . 

Moschate {-atus). Exhaling the odor of 
musk. 

MucdnyinouSy Mucdaginosus, Slimy; 
of the consistence or appearance of 
mucilage. 

Mucroy Mucromtion, A short and 
abrupt small tip to a leaf, &c, 

Mdcronate {-atus). Tipped with a mu- 
cro; 97. 

Muordnulate {-atus). Minutely muoro- 
nate. 

Mvlf A hybrid or cross-breed. 

MuUicipitnl ( MulUceps). Many-headed ; 
many shoots or stems firom the crown 
of one root. 
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MuUifari<m (-tts), Many-rankcd^ as 
loaves 1 X 1 several vertical ranks. 

Multijid {-idiu»)* Cleft mto many lobes 
or segments. 

MnltijUmms {-its). Many-flowered. 

Muliijwjatt {Midiijugus). In many 
pans or juga 

M uUiloculnr (-nm). Many-celled or 
Ho\ oral-colled. 

Miiltijiurous, M any-bearing ; said of a 
hcverul-brunuked cyme ; 155. 

Multiple fi'uits. The li uctilication of a 
llowcr-cluhtcr when confluent into one 
mass; tlOl. 

MuliipUcaimi, ISame as Augnieutatlon ; 

no, 200. 

MultUifiial MultnwiaU (-afua) 

In several scries. 

Murl&tU (-(dtu). Hough with short and 
firm oxcrescoiices. 

JMtuncuhtif (-nfus) Minutely muncate. 

Muicarifonnu, Fly-brush-shaped. 

(-omis). Moss-Uko in ap- 

pt^araucc. 

^fMcoh(Jy, The botany of Mosses. But 
is a hybrid word, and is replaced by 
Bryology. 

MUicQVM (-us). Pointless, blunt, awn- 
loss. 

ATycf'/fttwi. The filamentous vegetative 
growth of a Fungus. 

Mycohf/y, Uyettohyy^ The botany of 
Fungi. 

Mycfropyh* Micropyle misspelled. 

Wanting some usual covenng ; 
as flowers without penanth, ovules 
without coats, seeds not in a pericarp, 
buds without scales. 

JIVhp(/bm (-orwis) Tumip-ehaped ; 81. 

JVonua. Dwarf. 

JVafflffrf (-ana). Floating or swimming 
under water. 

Nmicular (^ris). Boat-shaped. Same 
as Oymbiform. 

^tbuhse (-osua). Clouded or misty. 

^^ech See Collum. 

Nec}dac$-^(tped. See Moniliform. 

The sweetish secretion by va- 
rious parts of the blossom fkom which 
bees make honey. 

Nectary (Neotaritm), The place or 
thing in which nectar is secreted; 
formerly applied also to any anoma^ 
louB part or appendage of a flower, 
whether known to secrete honey or 
not; especially to the hollow spurs of 
a Violet, Larkspur, Columbine, and 
the like. 


Nectar^erous (-im). Kectar-hearing. 

Needle^aped. See Acerose, 

Nemorvaus, Nemoralu, Inhabiting 
gloves. 

Nermtum, Same as Venation, or un- 
branched venation. 

Nerve {Nei^vus) In botany, this is a 
simple or unbranched vein, or a slen- 
der nb 

Nei'ved^ Nti'voee {-oaus)^ Nei’vate (-aiws). 
Having nerves in the botanical 
sense. 

Neivulofe (-om). Diminutive of uer- 
vose. 

Netted, Same as Eeticulated , Netted- 
veined; 02. 

Neurose (-ostu). Same as NerYOse. 
Neura being the Gieek for nerve. 

NiuUi^ Neutral. Sexlcbs; as a flower 
which has neither stamen nor pistil; 
191, 195. 

Niyer, Black or blackish. 

Niyncaru. Turning black or verging 
to black 

Nitidus. Smooth and shining 

NivtiliBu Growing in or near snow. 

Niveus. Snow-white. 

Nodding Hanging down. 

Node {Nodus) Literally a knot; the 
portion of a stem which normally 
bears a leaf or whorl of leaves ; 6. 

Nodose (-om) Knotty or knobby. 

Ndduhse {•^sus)» Diminutive of Nodose. 

Nomenclature^ 3, 345. 

Normal {-aUs) According to rule; 
agreeing with type. 

Notate (-afus). Marked by spots or lines. 

Noihus. False or bastard. 

NotorhmU [4zu8) Synonym of incum- 
bent, as applied to the embryo of 
CruciferSB. 

Nudform (-ormis). Nut-like in shape. 

Nucleus, A kernel of an ovule, seed, 
&c. ; 277. A soft solid interior part 
of a vegetable cell in the early condi- 
tion; 309. 

Nuculaniunu Name given by Bichard 
to a drupaceous or baccate fruit con- 
taining more than one stone or stony 
seed; adopted by lindley for a supe- 
rior stony-seeded berry, such as a 
grape. 

NueuU {-iUa), A diminutive nut or 
stone; same as Nutlet; 296. 

Nucwnentaceus (-eus). Nut-like in chai^ 
acter. 

NudicavHs. Naked-stamened ; stem not 
leafy. 

Nudus. Naked, in its various senses. 
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Numerous {Numerosus), Used in the 
sense of indefinite in number. 

Nut [Nux). A hard and mdehiscent 
one*beeded pericarp resulting from a 
compound ovary, 295 
Nutlet. A diminutive Nut See Nucule. 
NutwnA (-ana). See Nodding 

Oh. Over against , as a prefix denotes 
inversely or oppositely, as 
Obcompressed {-us). Flattened the other 
way, antei ©-posteriorly instead of lat- 
erally. 

Obcomcal Comcail, but attached 

at the apex. 

Obcordate Inverted heart- 

shaped, the notch at the apex; 97. 
Obdiplostemouous (-na), Obdiplostemony 
When the stamens are double the 
number of the petals, but the outer 
series opposite ^e latter; 198 
Obianbricate. Imbricated or successively 
overlapping downward. 

Obldnci'olate. Lanceolate but tapering 
toward the base more than toward the 
apex; 95. 

tfblique (OhUquus). Unequal-sided or 
slanting 

Oblonp ( Oblongus). Considerably longer 
than broad and with nearly parallel 
sides; 95. 

Obbvate (-o^). Ovate with the broader 
end toward the apex ; 95. 

Obovoid Solid obovate. 

Ohtectus. Covered by something. 

Obtuse Blunt or rounded at the 

extremity; 97. 

ObiusiusctUus. Somewhat obtuse ; dimin- 
utive of obtuse. 

ObvaUatus Guarded on all sides or sur- 
rounded as if walled in. 

Obverse, Obversel$. Same as the prefixOb. 
dbvolute (-uttss). A modification of Con- 
volute; 138, 139 

Ocellate (-atwa). With a circular patch 
or a ring of color. 

Ochractous (-ews). Ochre color; light 
yellow with a tinge of brown. 
dchrea, 6crea. A leggin-shaped or 
tubular stipule or rather combined 
pair of stipules, 106. 

OcJireate, Ocreate {’■atus). Furnished 
with ochrea or sheaths; 106. 
Ochroleucous {-vs). Yellowish-white or 
between white and yellow. 

Octo. Eight In composition gives such 
terms as the following 
Ortnc^w. Linniean artificial order with 
{')vit(f/tpiout‘ (viglit-styled) flowers ; 337. 


Octdmerous. Composed eight parts in 
the circle. 

Octand/ia. The Linnsean class owith 
Ociandrous, i. e. eight-stamened flow- 
ers, 249, 334. 

Oct&ni. In eights. 

Octopetalous (-eia). Eight-petalled. 

Ociosepahus With eight sepals. 

Octdstn^ious (-US). In eight vertical 
ranks; 124 

Oculate {-atus). Same as Ocellate. 

OJicinal {-alts). Used in medicine or 
the arts, therefore in the shops 

OJiet. A short lateral shoot for propa- 
gation; 53. 

Oides, OuleuSf -odes and -ides Greek 
for likeness, used as terminations, in- 
dicate similarity to; as Dianthoides^ 
resembling a Pink. 

Oleraceom (-eus). Esculent m the way 
of a pot-herb. 

dliffos. Greek for few; in compounds 
giving such terms as 

Olitjdndi'ous (-ua). With few stamens. 

Ohganihotts (-wa) Few-flowered. 

Oligdmerous (-tia) Of few members. 

Ohgospermous {-us) Few-seeded. 

Ohmceus Olive-green. 

Oniphalodium. A mark (navel) on the 
hilum of a seed, through which passed 
vessels to the cbalaza or rhaphe. 

One-sided. Either turned to one .side, 
or with parts all turned one way, or 
unequal-sided 

Oophondium The spore-case for the 
larger spores in Selaginella, &c. 

Opapie {Opdcus). Mostly used in the 
sense of not shining or dull. 

Opdi'culate (-a^a). Furnished with an 
Operculum or lid 

Opiroulum, A lid; a top which sepa- 
rates by a transverse line of separation 
as does that of a pyxis. 

Opposite (-ttua) Set against; as leaves 
over against each other when there 
are two on one node ; or one part be- 
fore another, as a stamen before a 
petal , 6, 120, 178. 

Oppositifolius {4us) Placed opposite a 
leaf, as 1 $ a tendril or peduncle in 
Vitis, &c. 

Oppositipetalous {-us) Placed before a 
petal. 

Oj^mtisepaious (-us). Situated before 
a sepal 

Oracular (-arts), Orhiculate {-atus). 
Said of a fiat body with a circular out- 
line; 95. 

Oi'chidaceum, 246. 
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OrdtT ( Ordo), Group between genas (or 
tribe) and class; ;)28. 

Onit^L Relating to 01 ders. 

Ort/tmtUfuny [Oryaiiot/cneBii,). The for- 
iimtion or oaily dcN olopmeiit of oi^ 
gniiH, 2. 

Ortjanoyrnphu^ Ovtmnoloyy. The study 
ot 01 guns and their relations; 2. 

Or (/a IIS of Vrytiotumy 11, 

Oniyalh. Si>c ieet high, or of the height 
oi a man. 

OrniiliojibiloUR Said ot dowers which 
are habitually fecundated by pollen 
brought bv birds, 217. 

Oi thoplorrm* Said of an einbrj'o when 
ineumbeiit cotyledons «n‘ folded 
around the railiciu, as ni Mustard 

Orihm^ (Jrw‘k tor straight, whence coni- 
{sninds such as the iollowiiig 

OrtfmtHnrs Vertical ran Ivs; 121 

OrtliiiHtirhom, St might -ranked. 

OrfhiUnipuuit (-!«), Oiihotropal. De- 
notes an ovule or bued with straight 
axis, (‘halaza at the insertion, and on- 
tiee at the other end; 277. lias been 
applied to an enibiyo w'ltli radicle 
laniiting to the hiluiu; «312 
{oiin). The mouth or oritice. 

Omous (-««), Of the texture of bone. 

Omvalw A little stone, same as Pyrena. 

Ostidlatff Furnished with a bniall 

oridee or little door {Ontiolum). 

Outyrotoths, 20U 

Oral(Omlui) Broadly elliptical; 96. 

Omry ( Omrium ). The ovuhferous part 
of a pistil; 16U. 

Ovate iOmtmt), Of the shape of the 
longitudinal section of a hen’s egg, 
the broader end basal; 95. Used also 
for an egg-shaped solid. 

Owul {Owideue), Used either for solid 
ovate or solid oval, more properly for 
the latter. 

dvulttie (-ftttts), Omdijh'im, Bearing 
ovules. 

Ooute^ 6wlmn, The body in the flower 
winch becomes a seed; 166, 270. 


Payintu The surface ot any flat body, 
such as a leaf. 

Pahmm (-ew). When the edges, as of 
a leaf, arc decurrent on the support. 

Prtfafe {PaUatm), A proietlion m the 
throat of a personate gamopetalous 
corolla; $!48. 

Paha A chaff, or chaff-like bract, such 
as the chaffy settles on the receptacle 
At till* 1 h H.) Ill iii.iiiv ( 'ouiDOhitm ; also 


an inner bract or glume in Grasses; 
142. 

Paleaceous ^-eus). Chaffy ; furnished 
with pales, or chaff-like in texture. 

Paleola, A diminutive palea, oi one 
of a aecondaiy order ; one of the 
names ot the Lodicule or Squamella 
in Glasses 

PaUolate i^-atus). Furnished with pale- 
ohn. 

Fillets {Pales of some Engbsh botamstb). 
Same as Palese ; 142 

Palnidi is, A palm's breadth or length ; 
i. e equalling the breadth of the four 
fingers of the palm. 

Palmate {-^tus) Lobed or divided 
so that the sinuses point to or reach 
the apex of the petiole or mseitiou; 
101 . 

Palinately {Palmatim or Palmati-y In 
the palmate manner 

Polmately veined^ 93 

Palmitijid {•‘Ulus), Palmatilodatef Piu- 
matisect), Palmatcly clett, lobed, m 
divided. 

Palmtnerved Palmately nerved , 93. 

Paludose (-osms), Palustnne {Palusti*m 
or Paluster). Inhabiting marshes. 

Pdndu/i ate {•atm)^PandiiriJoi m (-o/ww „ 
See Fiddle-shaped. 

Panicle {PanicuUt) A loose compouna 
ttower-i luster, such as is produced by 
the branching of a raceme, or the ir- 
regular branching of a corymb , 150. 

Panicled, Paniculate (-afw). In a pani- 
cled manner or borne m a panicle. 

Pannosus^ Panm/ormis. Having the ap- 
pearance or texture of felt or woollen 
cloth. 

Papery, Papyraceous, Having the text- 
ure of paper. 

Papilionaceous (-etw). Butterfly-like; 
applied to a peculiar poly^petalous 
corolla; 184, 246. 

PapilUvr (-oris), Papillose (^osus), Papil- 
late {-atus). Bearing or resembling 
papilla, minute nipple-shaped projec- 
tions. 

Pappiferous {-us), Pappose {-esus), 
Beanng a pappus. 

Pappus, ThiatleJ^own ; thence applied 
to various hairy tufts on akenes or 
fruits ; and thence to any production 
or structure which takes the place of 
the limb of the ealvx on the akenes of 
Compositie; 192, 295 

Papuliferous (-t/a), Papulose (-usus) 
^vered with PdpuUs^ or small pinr 
pies 
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Pao'cbcarpivm, XTmised name given to 
on abortive pistil or carpel. 

Pceractyi olla. A crown or internal ap- 
pendage or deduplication of a corolla. 

Paralkl’JMTved, veined, &g. Same as 
Nerved; 91. 

Parapetalous (^) Said of stamens, 
&c , which stand at each side of a 
petal; 178, 201. 

Paiapkysia, pi. Paraphyses. Jointed 
thread-like bodies, oi no known func- 
tion, accompanying the archegonia of 
Mosses 

Parasitic {-icns). Growing on or in and 
livmg upon another plant or even ani- 
mal; 36. 

ParastSmon, Name rarely applied to an 
abortive stamen or body in place of or 
accessory to a stamen; same as Sta- 
mmodium. 

ParasHchies Secondary spirals in phyl- 
lotaxy; 127. 

Par^hyma, Common or soft cellular 
tissue. 

Parenchjimatous. Of the nature of or 
composed of parenchyma. 

Panes, pi panetes. The wall of any 
organ. 

Panetal {Parietalis), Borne on or re- 
lated to the wall; 265. 

Paripinnate {-aius), £ven-pinnate ; same 
as abruptly pinnate; 101. 

Parted, Partite {^Uus), Cleft nearly 
but not quite to base, 98. 

Parthenoyenesis, Parthendyeny. Pro- 
duction of seed without the mterven- 
tion of pollen ; 285. 

Partial (PaHialis). Secondary, as Par- 
tial involucre (142), peduncle (148), 
petiole (105), umbel (150). &c 

Parole {PaiiibUie), At length separ 
rating or easily to be separated. 

Partition. In one sense a separated por- 
tion or segment ; in another and the 
more usual, a wall or dissepiment 

PateU\/vrm {-ormis). Disk-shaped, cir- 
cular with a nm, of the form of the 
patella or kneepan. 

Patent {Patens) Spreading; either 
widely open or diverging widely from 
an axis. 

Pateniissmus, Superlative of Patens; 
extreme!}’^ spreading. 

Patulous (-Off) Slightly or moderately 
spreading. 

Paucijlorous (-iw). Few-flowered. 

Paue^oHus. Few-leaved. 

Pear^aped. Obovoid or obconical with 
more tapenng base. 


Pictinate {-atus). Pinnatifid with nar- 
row and closely set segments, like 
comb-teeth. • 

PedMis A toot long or high. 

Pedate (-atiw) Palmately divided or 
parted with the lateral divisions two- 
cleft; resembling a bird's foot. 

Pedatipartitiis, 4ij^tus, sectus, &c. Pe- 
dately parted, lobed, divided, &c. 

Pedicel {-tllus). An ultimate flowei^ 
stalk or its division; the support of a 
single flower , 143 

Pedicellate {-otus) Pedicelled, home 
on a pedicel. 

Pedieulus. Name sometimes used for 
Pedicel. 

Peduncle (PedUnculus). A general 
flower-stalk, supporting either a clus- 
ter or a solitary flower; in the latter 
case, the cluster may be regarded as 
reduced to a single blossom; 143. 

Pediinculate {-o-tus). Peduncled, home 
on a foot-stalk. 

Peloria, An irregular flower become 
regular by a monstrous development 
of complementary irregularities ; 186. 

Peltate (-aias), PeUiform (-om£s). 
Shield-form; target-shaped; a plane 
body attached by its lower surface 
(instead of margin or base) to a stalk; 
96, 107. 

PeUinerved (-iw) Radiately-nerved or 
ribbed all round the circle. 

Pelviform (-o? mis). Basin-shaped ; shal- 
low cup-shaped. 

Pendent {-ens). Hanging on its stalk or 
support. 

Pendvlus (-us), Pendviinus, Hanging 
more or less, as if from weakness of 
the support. 

PeniciUate {^tus), Peniedliform {'.ormis). 
Pencil-shaped, the pencil {penidlltm) 
being a brush or tuh of hairs. 

Pennate {-atus). Same as Pinnate. 

Pennifcrm (-ormw) In the form of a 
feather or its plume. 

Petinmerved {-ervius). Same as pin- 
nately nerved or veined ; 93. 

Penta. Greek for five, gives compounds 
such as 

Penta cdrpellary. Composed of five car- 
pels; 261. 

Pentachcenium. Name of a pentacarpel- 
lary iruit otherwise like a cremocarp. 

Pentadi^hous (-us). With stamens ixt 
five clusters; 260 

Pentaff^nia Linnajan artificial order 
characterized by Pentagynous, i* e. 
five-styled flowers; 337. 
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Pentdmer<yu$ (-ws). Composed of five 
members hi a circle; 376. 

Penttjpidrm. The Linuujan class with 
Pvntntu/wus, i e. five-stomeiied flow- 
eis; 21b, ;m. 

Pentnpttftlui/s {-m)* Five-petalled ; 244. 
PutUtpkplloit* Five-lcavcd, 243. 

Pintaptirom (-u*) Kive-wmjjfed 
Pmttm’palouH Of live sepals *, 244. 
/Vw/«V«7/t«w (-««). In live vertical ranks; 
123. 

Pi'jin^ Pvponidtt^ Peponium, A gourd- 
fruit; 2itH. 

Pervnninl [PercnniSy Perennans), Last- 
ing year alter year, 32. 

Pvtfvcl \PvrjWtim), Said of a flower 
wlitcli iH hermaphrodite 
Pnfdiaic Where a stem seem- 

ingly passes through a leaf, 167. 

{hUus), Pierced, or having ; 
translucent dots which look like holes. 
PifrpnnivneuSf Pngimantaceus. Parch- 
mciit-like. in texture. 
iVW, GnH‘k for around; hence such 
cmniHiunds as 

Pnianth {Pmttnthium)» The floral en- 
velopes or leaves of the flower, eonsist- 
mg of calyx, corolla, or botli ; 164, 240 
Pirrimrjt The fructifled 

ovary; 286. 

Ptrtcdtpiii (-tetu). Eelating to the pen- 
caqi. 

PeridifrHal {4tilu), Relating to the 
PerivhtfHwn^ a set of bracts around 
the fruit-stalk in Mosses. 

PsnrWtttm. Tlie sheathing base of a 
leaf when it expands and surrounds 
the supfiorting branch. 

PtricHnium. Involucre of the capitu- 
lum of Composltse; 148. 

PMderm (-erma or -emii). Outer bark 
or Kpiphlopum. 

PMgmei Pertydwtm, Synonym of 
Perianth; 164. 

Peny^ftiwitt. Name of hypogynous 
bristles, scales, or a sac, which sur- 
rounds the pistil (also the stamens 
when present) of many Oyperacejs. 
PtriffynouM (-u#). Utertlly around the 
ovary; said of organs which are ad- 
nate to the perianth, or to this as con- 
nate with the low «• part of the pistil; 
188. 

P§r^ital(m (-os). Ground the petals. 
P«ii*i»/lsrio<4oui). Of or belonging to the 
etamfersnoe ; as of an embtyo coiled 
round the outside of the albumen. 

Synonym of the 
hnvolucre of Composite; 148. 


Peripterus Surrounded by a wing or 
thm border. 

Pemperm (-ermium). The albumen of 
the seed, at least the exterior and or- 
dinary albumen, 14, 310. 

Peristome [Peristoma or Peristdmium) 
The fringe oi other structure surround- 
ing tlie orifice [stoma) of a Moss 
Petdtropous (-^m) oi Pemtropal Said 
of a seed which is hoiizontal in the 
peiicarp; or of a radicle pointed to- 
ward the sides of the pei icai p 
Peisistent (-erw). Remaining even on 
tlie fruit, or over winter ; 243 
P&sonate (-aitw) Masked, as when a 
bilabiate corolla has a prominent pal- 
ate; 248. 

Pervious [-ius). With an open passage- 
way. 

Pertuse (-ustM). Having slits or holes. 
Perula, pi Perulos* Scales of leaf-buds 
and the like; 40. 

P&ruUue (-atua). Furnished with peru- 
Ub or scales. 

Pes, gen. pedis, A foot Hence in 
Ijatin compounds Lonpipes^ long- 
stalked, Brevipes^ shoiisstaiked, 

Petal [Petalum), A corolla-leaf; 165 
Petahne (-ititts), PetaUnd (^deus) 
Petal-llke, or relating to petals ; 118. 
Petalody, Name for the metamorphosis 
of other oigans (such as stamens) into 
petals; 174. 

Petioktr [-cm$). Borne on or relating 
to a petiole. 

Pitiolate (-aifus), Pdholed. Having a 
petiole. 

rkiok [PMlus). The footstalk of a 
leaf; 85, 104. 

Petidhlate (-ahis), PetioMar (-arts). 
Having a 

PSHolvie [Petidlulmy A footstalk of a 
leaflet; 105. 

PtWms, Growing among rocks. 
Pe^restti. Growing m stony places. 
Phmogamy PKanogamia^ Phmoga^ 
mws phku. Plants sexually propa^ 
gating by flowers, of which the esseur 
tial organs are stamens and pistil; 8, 
884, 840, 844. 

Phalanges^ sing. Phakum, The bundles 
of stamens in dladelphous or polyadel- 
phous flowers. 

Phautropams^ Phauerogaum, Ac. See 
Fhmogams, &c. 

Phimm, Greek name for bank. 
PAcsnsoeui. Deep red with some scaiu 
let 

PAorofitAMiw. A name lor the xec^ 



426 


GLOSSARY. 


tacle of the capitulam in Oomposito ; 
148 

Phycology. The boiany of Algse. 
Fhylla. Leaves m Greek; combined 
with Greek numerals, forming such 
terms as DiphylloWj Tripliyllcm^ &c., 
to Folyphyllom 

Phyllocladium. A bianch assuming the 
function of foliage , 05 
Phyllodineous {~eu$) Relating to a 
PhylUdium. A petiole usurping the 
form and function of a leaf-blade; 
110 

PUyUody^ Phyllomorphy. Names for 
the transformation or metamorphosis 
of floral organs into leaves ; 174. 
Phyllotdxis, Pk^llotaxy. Leaf-arrange- 
ment; 119. 

Pkyllomania. The unusual or abnormal 
production of leaves. 

Phyllophore {-orum). The budding sum- 
mit of a stem on which leaves are de- 
veloping, 

Phyllum. Greek for leaf; 6, 85. See 
Phylla. 

Phyllome^ PhyUdma, An assemblage 
of leaves, or of incipient leaves in a 
bud. Also recently used by German 
botanists for leaf genencally or poten- 
tially, that which answers to a leaf; 6. 
Phytdgi'aphy, Botany as relates to the de- 
scription and illustration of plants ; 346. 
Phyt^gy Synonym of Botany 
PhytomeTy pi Phytomera* Plant-ele- 
ments in morphology ; same as 
PhytoH, Greek name for plant; has 
been used in the sense of plant-ele- 
ment, or plant-unit; 7, 

Phytdtomy Same as Vegetable Anatomy 
or Histology; 2. 

Piceus. Pitch-black or brownish-black. 
Ptcim. Painted, or rather as if painted. 
PUmtt i~atu8)y Pilei/ormis, Having the 
form of a cap or PiUiu. 

PiUovhim, The root-cap. 

PUiftrous (-«a). Bearing or tipped with 
hiuvs {ptli) 

Pdmciuscultus. Slightly hairy. 

Pilohe (-oaita). Hairy, in general with 
, any sort of pilosity ; in particular with 
soft and distinct hairs. 

Phtm. One of the primaty divisions of 
a pinnate leaf, either simply pinnate, 
when it is a leaflet, or a partial petiole 
or rhachis with the leaflets when the 
leaf is bipinnate; 104 
Pinnate (-a<iw). When leaflets are 
arranged along each .side of a com- 
mon petiole; KM) 


Ptrmaiely cUfty Ichedy partedy &c.; 99. 

Pinnntely veined* Feather-veined; 98. 

Pinndtijid {~idv&). Pniiiately cie|t;. 

Pinnatilobiitm, PmnatUobuit. Pmnately 
lobed. 

Pinnatipartitiis Pmnately parted 

Pimuitisecfus* Pmnately divided quite 
down to the rhachis 

Pinnule {Pinnuh ) One of the pinnately 
disposed divisions of a pinna; asec- 
ondaiy pinna; 104 

Pkiform {-ormis). Pea-shaped, resem- 
bling a pea 

Pistil (Pistillum). The female organ of 
a flowci, consisting of ovary, style, 
and stigma, or at least of ovaiy and 
stigma , 302, 250 

Pistillate {~atus)y Pisiilhjerous Said of 
a plant or a blossom provided with 
pistil, most properly foi one having 
pistil only; 191 

PUtiUviium. One of the names of the 
analogue of pistil in Mosses, &c. 

PistUlody Name for the metamorphosis 
of other organs into carpels; 174. 

Pitckei . See Ascidium. A tubular or 
cup-shaped leaf, which usually holds 
some liquid, 111. 

Pith. A central cellular part of a stem, 
especially of an exogenous stem; 76. 

Pitted. Marked with small depressions 
or pits 

Placenta. That m the ovary which 
bears the ovules, sometimes the mere 
united margins of the carpel-leaves, 
sometimes a thickening or enlarge- 
ment of them, or even of some other 
part of the ovary, 201. 

Placentation (-*b). The disposition of 
the placcntse. 

Placentiform {-ormis). Quoh>shaped, 
or in form like a flat cake. 

Plaited See Plicate. 

Plane {Planus). With flat surface or 
surfaces. 

Platys. Greek for wide, m such com- 
pounds as PlatyphylluSy broad-leaved, 
&c 

Pleios Greek for full, used in com- 
pounds for several or many ; as Pleio- 
ph^Uonsy several-leaved, &c. Simi- 
larly Pleistos for a great many. 

Pleiochdsium. A sevcral-rayed cvme) 
162, 166 

Plenus. Pull Flos pimus is what gai^ 
deners call a “double flower,’^ that is 
one in which the petals or other flower- 
leaveh are abnormally multiplied. 

PleufrCmchyma. Same as woody tissue. 
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PUurorhizttl (-««). Embryo with radicle 
a^cainst oiu* edge of the cotyledons; 
t, ^ the latter accumbent. 

JHictUe Folded mto 

plaits Q/Iirte)j usually lengthwise ; 

130, 

Pluinbtiis* Lead-colored; dull gray 
with Hume metallic lustre. 

IHunum (-osus). Feathered; when bris- 
tlesy &c,, have tine hairs on each side 
like the plume of a feather, as the pap- 
pus of Tlublles. 

PlutnuU {Plumula). The bud or grow- 
ing point of the embryo above the 
cotyledons; 17. 

Plans. Many or several; used as a 
preAx ill Latin words, such as P/un- 
Jlorous (-ttu), several-flowered; P&w’i- 
locuUtr scveral-cellod ; P/tm- 

Jhluilatii, with several leaflets, &c. , 
Planjwjatt^ in several pairs, &c 
Pdculiform (-otvaia) In the shape of a 
drinkingmup or goblet. 

Pt)d. A dry and several-seeded dobis- 
cent fruit; stru'tly a Legume or a 
Silique ; 288, 292. 

Podium^ Piidus. A footstalk, stipe, or 
other such support; used only m Greek 
compounds, as Podocephalus^ head 
pedunculate, Podocaijm^ fruit stipi- 
tale; or as a suflSx, in such words as 
slender-stalked; Pmc/iy- 
podusy short-stalked, &c. 

Pudeiium, Any stalk-likc elevation 
Piidog^ium. Same as Gynophore. 
Pddo^tenrh {-ermium). The stalk of a 
seed; 276, 305. 

Pof/m. Greek for a beard ; enters into 
various compound words. 

Pohhnhryimy. See Poly4mbryony. 
Poliius. Polished; applied to a smooth 
and shining surface 
Pointless. Same as Muticons. 
Pointtetted* Minutely pointed; same as 
apiculate or as minutely acuminate 
PoUen^ Pollen-praim. The fecundating 
grains or cells contained in the anther; 
166, 256. 

PoUen^ubs. The slender tube which 
begins as a protrusion of the inner 
coat of a pollen-grain, and elongates 
by growth, at least when in contact 
with the stigma; 258. 

PoUiedrU. An inch long; the length 
of the terminal ]oint of the thumb, 
poUtos. 

PoUn^srow Pollen-bearing. 
PolMuin. A mass of pollen^grains 
more or less coherent; 257, 230, 


Pollinated {-atas). Said of a stigma 
when supplied with pollen 

Poly. In Greek compounds, denotes 
numerous ; as in 

Palyad^lpkiti. IMame of a Linnsean aj> 
titicial order with stamens PolyadeU 
phous, or in several phalanges or 
brotherhoods; 250, 835. 

Polyandria. Name of a Linnsean class 
with flowers Polycmdrous^ or havmg, 
an indefinite number of stmens; 249,^ 

334. 

Polymthom Many-flowered; m 

the Latin form same as multiflorous. 

Polyed'ipdlary. Of many carpels ; 26L 

Polycdrpic (-fens). Fruiting many times 
or indeflnitely; DeOandolle’s name 
for a perennial herb; 33. 

Polyciphalous (-a/us). Consisting of or 
bearing many heads, capMa. 

Polycoccus. Of several coca. 

PolyootyUdonous (-ctw or ee). Having 
several cotyledons; 22, 314 

Polyydmia Name of a Linnsean class 
having Pol^yamous flowers, i. e. some 
hermaphrodite, some unisexual; 191, 

335. Also ot Lmmean orders of Syn- 
geuesia; 337. 

Polyg^ia. Name of a Linnsean artifi- 
cial order with flowers Pol^yynout, 
t. e. containing numerous carpels; 
261, 337, 

Polpneroue {-us). Of numerous mem- 
bers to each series or circle. 

Polymorphous (-w). Of several or vari- 
ous forms. 

PolypeUtlons {-us). Havmg separate 
petals; 244. 

Pdlyphore {-dritm). A torus which 
bears many pistils, as that of a straw- 
berry or raspberry. 

Polyphjlkm (-WS). Many-leaved; 244. 

Polys^aious (-w). Of separate sepals; 
244. 

Polytpermous {-us). Many-seeded. 

PdysUmoMms (-im). With many sta- 
mens. 

Polystdckyus. Bearing many spikes. 

Poljfstylous (-!«). Bearing many styles. 

Polysymmetrical. That which can be 
divided into similar halves in several 
or more than one plane; 175. 

Poljtocous {-us). Bearing progeny (fruit- 
ing) many times, f t year after year; 
33. 

Pome {Pomum). Kind of fruit of which 
the apple is the type; 298. 

Pomeridianus. In the i^moon. 

Pemife/rous {-us). Pome-bearing 
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Pomology. A treatise on or the subject 
of fruits considered as esculent. 

Pome l-osiw), Ponm. Pierced with 
small holes or pores. 

Posterior In an axillary flower is the 
side next the axis of inflorescence; 
160. 

PosticovA [-V8). On the posterior side, 
which in a flower is that next the axis 
of inflorescence an adnate anther is 
posticous when on the outer side of 
the filament, i, e. when it faces the 
petals, 253. 

Pouch. See Silicle. 

PrflBCoas, Appearing or developing early 
Prosfloration Same as iSstivation ; 132. 
Prajoliation. Same as Vernation ; 132. 
PrasmoTse {,-orsus). With end as it were 
bitten oft. 

Prasinus Grass green. 

Pratensis. Growing m meadows 
Pnckly. Armed with PncTdes (56), 
which are outgrowths of the bark or 
rind. 

Primine, Outer coat of the ovule; 277. 
Primordtal {-lalis). The fiist in older 
of ap|)carancc. Primordial leaves are 
those of the plumule. 

Prismatic (-icwa). Prism-shaped, with 
flat faces separated by angles. 
Prdcerus, Very tall. 

Proem {Processus), Any projecting 
appendage 

Procumbent (-eaa). Lying along the 
ground; 53 

Productus. Produced, t. e. extended or 
prolonged into. 

Pro^mbryo, 284. 

Proles. Progeny, sometimes used for 
race; 820 

Proliferous {Prdltfer^ Proliferus). Bear- 
ing progeny, in the way of offshoots. 
Proliferation or 

Proltfication is usually taken as the 
production by one organ of something 
different, such as the development of 
buds and plantlets on leaves, of leafy 
shoots in place of flowers, &c. ; 73. 
Prokgerms (-ws). Same as Proliferous. 
Prone ( Promts). Lying flat, especially 
face downward. 

Propdculwrij Pnigdyulum. Name of a 
shoot, such as a runner or sucker which 
may serve for propagation. 
Projpdgines. Same os Bulblets* 
Prqph}fUa. Primary leaves, as the first 
leaves of a bmiich or axis. 
Prosenchyma. Plant-tissue consisting of 
lengthened, tubular, or fusiform cells. 


Prostrate (-a^). Lying quite flat on 
the ground; 53 

Protos. Greek foi first; used in vAioua 
compounds, such as 

Protandrous^ Protandi^y, See Proter- 
androus 

Proterdndrousj also Protandrous, Pro^ 
teraruii'y When the anthers of a 
flower are in an thesis earlier than the 
stigma; 219, 220. 

Proteranthous (-w«). Where flowering 
precedes leafing 

Pi oter dgynotis^ Proterdgyny, or P/’o- 
togynous, Protogyny. When the 
stigma IS ready for its functions ear- 
lier than the anthers of the same 
blossom; 219 

Protdphytei^ Protqphyfa. Alga, dec., 
the supposed first plants. 

Protoplasm^ Protopldsma. The forma- 
* tive organic material of plants and 
animals, m its living state. 

Pruinate {-aius)^ Pruinose (-osus). As if 
frosted over with a bloom or powder. 
Pseudos. Greek for false, a prefix m 
vanous compounds, as Pseudo-mono- 
cotyledonous , 26. 

Pseudo-bulb. A thickened and bulb- 
like intemode m epiphytal orchids; a 
corm. 

Pseudocarp {-aspium) The principal 
or accessory part of an anthocarpous 
frmt; 300. 

Pseudo-costate False-ribbed, as where 
a marginal or intramaiginal vein or 
nb is formed by the confluence of the 
true veins, 

Pieudospermium. Name given to any 
kind of une-seeded frmt which is inde- 
hiscent and resembles a seed, such as 
an akene, &c. 

Psilos. Greek for naked or bare; as in 
Psilostackyus, with naked spike. 
Pteridium^ Pterodwm. Names for the 
Key-fruit or Samara. 

Pteris. Used for wing in Greek com- 
pounds, also for a Fern 
Pteridographia. The botany of Ferns. 
Pterocarpousi^) Wing-fruited. 
Pteropodus. Wing-footed, ». e. petiole 
wing-margined, &c. 

Ptyxis. Greek name for folding, as of 
leaves in a bud ; 132, 183. 

Pubens, Pubes. Used for Pubescent. 
Pubthruhts. Minutely pubescent. 

Pubes, Pubescence, hahmess. 
Pubescent (-ens). Clothed or furnished 
with hairs or down, ebpecially with soft 
or downy and sboH hairs* 
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Pugwtiiform i-ortms). Dagger-shaped. 

PuUus, Dark-colored; dusky-browa or 
blaakish. 

Piilvereus, Pulverulentus. Powdered; as 
if dusted with powdeiy matter or 
minute grams 

Ptilvinate {~atu8\ Pulmniform (-ormw). 
Cushion-shaped. 

Pulvimts A cushion , name given to an 
enlargement or swelling close under 
the insertion of a leaf, or sometimes 
to the swollen base of a petiole. 

Pimiilus. Low or little. 

Punctate {-atus). Dotted, either with 
depressions like punctures, or trans- 
lucent internal glands, or with colored 
dots 

Puncticulate Minutely punctate 

Pimyent {-em) Terminating in a rigid 

and sharp point or acumination, like a 
pnckle 

Puniceous (-eMS) Bright carmine-red. 

Puipureus Onginally the red of arte- 
nal blood, but our purple is some- 
what dull red with a dash of blue or 
violet. 

Purpurdscens. Purplish. 

PusUlus. Very small, or weak and slen- 
der. 

Pmtular, Pustulate (-att«), Pustulose 
(-OSU8) Having low elevations, like 
blisters. 

Putdmen. The shell of a nut; the endo- 
carp of a stone-fruit; 288. 

Pycnos, Greek for thick; whence Pycno- 
cephalusj thick-headed, &c. 

Pyipnam. Dwarf, pygmy. 

Pyramidal Pj’ramid-shaped. 

PyrSne {Pyiena). Same as Nucule or 
Nutlet, one of the small stones of a 
drupaceous fruit; 298. 

Pyrenanum^ Pyridium. A pear or pear- 
like fVuit, same as Pomum. 

Pyrenaiius. Name of a drupaceous 
pome, as of Medlar and Craters. 

Pyruhon. Synonym of Pome. 

Pyrtnocarp {-aarpium). A general name 
for any drupaceous fruit, 292. 

Pyriform (-orwiM). See Pear-shaped. 

Pyxidate (-aftw). Furnished with a lid. 

Pyxidium^ Pyxis. A capsule with trans- 
verse dehiscence, making a lid of the 
* upper portion; 293. 


Quadrir-. In Latin compounds, denotes 
four; as Quadrangular, Quadfifari- 
aua {in four vertical ranks), Qiuadr^u- 
sate (in four pairs), &c. 


Quaternary, Quatemate. In fours or 
composed of four; 176. 

Qmm, Quinary {^us), Qumate (-atua). 
In fives ; 176. 

Quinque. Five' In Latin compounds, 
giving nse to such terms as 

Qumcundal, m a Qidnounxf also five- 
ranked; 123, 136. 

Quingiuefanous i-ius). In five vertical 
ranks 

Quinquefoliate (-atus). Five-leaved 

Quinguefolwlate, with five leaflets 

Qumtuple. Dividing into five parts, or 
five-fold. 

Qumtuplmeroed or -veined. With mid- 
rib of leaf dividing mto five (t e two 
lateral pairs) above the base; 98. 


Race. A variety of such fixity that it 
IS reproduced by seed, also used in a 
looser and more extended sense foi a 
senes of related individuals without 
particular regard to rank ; 820. 

Raceme {Racemus) An indeterminate 
or centripetal form of inflorescence 
with len^hened axis and equal-pedi- 
celled flowers; 146 

Racemiferous. Beanng racemes. 

Racemiform (-orrow). In the fonn of a 
raceme. 

Racemose (-om). Having the character 
or appearance of a raceme, or m ra- 
cemes. 

Rachis. See Rhachis. 

Radial. Belonging to the ray. 

Radiate {-atus). Spreading from or 
arranged around a common centre, 
or around the circumference of a cir- 
cle; bearing rays or ray-flowers. 

Radiately veined. Same as Palraately 
veined; 93. 

Radiatiform {-ormis). Said of a capitu- 
lum of flowers which is radiate by en- 
largement of some of the outer flowers, 
which however are not truly ligulate, 
as in species of Centaurea. 

Radical i-alis). Belonging to or pro- 
ceeding from the root, or from a root- 
like portion of stem at or below the 
surface of the soil. 

Radicant {Radicans). Rooting. 

Radicel A minute root or a rootlet. 

Radiciflorovs (-tw). Flowering (appar- 
ently) from the root. 

Radinform (’-ormis), Radictnus. Of the 
nature or appearance of a root 

Radicle {-‘icula) Literally a diminutive 
root; but the “ radicle of the embryo, 
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80 called in descnptive botany, is the 
hypocotyledonary and pmnal inter- 
node. (See Caulicle); 10. 

^aduitdose {-osus) Bearing rootlets. 
JRadix, The root. 

JRameai {-alis), Rameus. Belonging to 
[Ramm) a branch 

RaToerUa. Thin chaffy scales belonging 
to the surface or epidermis, such as 
the chaff on the stalks of many Ferns. 
Ramification. Branching, 47 
Ramifioroua {-ns). Flowering on the 
branches. 

Ramose (-osiis) Branchmg or branchy. 
Ramulose {-osus). Beaiing many branch- 
lets, i. e. Ramuh or 
Raphe. See Bhaphe. 

Rdphtdes or Rhaphides Cr^’stals in 
the cells of plants, especially needle- 
shaped ciystds. 

Ray {Radius) One of the radiating 
branches of an umbel (147) ; also the 
marginal as opposed to the central part 
(or disk) of a head, umbel, or other 
flower-clu&ter, when there is a diffei> 
ence of structure. Also used as an 
abbreviated expression for 
Ray-fiowers Those which belong to 
the maigm of a circular floweiM:Ius- 
ter, and differ from (being usually 
lai^r than) those of the disk 
Recaulescence. The adhesion of leaves 
or their stalks to a stem ; 158 
Receptacle {Receptdcvlvm) A portion 
of axis forming a common support or 
bed on which a cluster of oigans is 
home. The receptacle of the flower, 
or the torus, is the axile portion of a 
blossom, that which bears sepals, 
petals, stamens, and pistils; 167, 211 
The receptacle of inflorescence is the 
axis or rhachis of the head, spike, or 
other dense cluster, 143 
Reclinate (-atus)^ Reclined^ Reclimng. 
Falling or turned toward downward, 
so that its upper part rests on the 
ground or other object; 53, 183 
Rectinervius Straight-veined or straight- 
nerved; 92. 

Rectiserial {-ialis). In rectilinear ranks ; 
124. 

Recurved (-us), Recurvaius Curved 
backward or downward. 

Reduplicate {-atus) or RedupUcaUmts. 

Folded and projecting outward. 
Refiexed (-us). Abruptly bent or turned 
downward or backward 
Refracted (-vs) Same as reflexed, but 
abruptly bent from the base. 


Regma. A two-several-lobed two- 
several-celled fruit (2-pluncoocous), 
which separates at maturity mao as 
many 2-valved caipels, as in Euphor- 
bia ; one form of Schizocarp 
Regmacarp (-arpium). A general name 
of a dry and dehiscent frmt, 292 
Regular (-urn). Uniform m shape or 
structure; symmetrical as respects 
shape; 175. 

Remform (-ormis). Kidney-shaped; 
havmg the outline of th*- longitudinal 
section of a kidney ; 96 
Repand (Repandus) With slightly un- 
even margin, which, it more pro- 
nounced, would be sinuate; 98 
Repent (Repens). Creeping, i e pros- 
trate or horizonal and rooting, 53 
R^licate (-ateis), Rephcativus Folded 
backward 

Replum A frame-like placenta (like 
a door-case), from which the valves 
of a capsule oi other dehiscent fruit 
fall away m dehiscence, as in Cruci- 
ferae, certam Papaveracese, Mimosa, 
&c ; 293. 

R^tamt (Reptans) Same as Bepent. 
Resupinate. Upside down, or havmg 
that appearance 
Rete Network 

Reticulated (-atus), ReUforrm. In the 
form of network; netted. 
Reticulate-veined, 92. 

Retinaculum. Name sometimes apphed 
to the gland to which one or more 
pollinia are attached m Orchids, &c. 
The persistent and indurated hook- 
like funiculus of the seeds in most 
Acanthacese. 

Retinereed (-ius). Same as Beticulate- 
veined. 

Retrocurved (-us). Same as Becurved. 
Retrofiexed (~us). Same as Keflexed. 
Retjorse (-orsus) Directed backward or 
downward. 

Retroverted (Retroversus) Inverted, 
Refuse (Retusus) With a shallow or 
obscure notch at a rounded apex ; 97. 
Reversion A changing back, or in the 
reverse direction ; 171. 

Revolute (^utus). Boiled backward from 
the margins or apex; 133. 

Rhachis The axis (backbone) of a 
spike or of a compound leaf, 101, 143. 
Rhaphe. The adnate cord or ridge- 
which in an anatropous ovule con- 
nects the hilum with the chalazaf 
279, 307. 

Rh^ddium. A fan-shaped cyme; 156. 
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JRhizanthotLs {-us). Root-flowered ; flower- 
ing from the root or seeming root. 

Rhizii^. The pecuhar roots or root- 
hairs of Mobses, Lichenes, &c 

Rh izocarpous {-us). Rliizocarpic { -icus). 
Liteially root-fruited, used by De- 
Candolle for a peiennial herb 

Rhizome^ Rhmma A lootstock; a 
stem of loot-like appearance pros- 
tiate on or underground, from which 
rootlets aie sent ofl, the apex pro- 
gressively ^ending up heibaceous 
stems 01 flowenng stalks and often 
leaves; 66. 

Ithizomo'iphous (- 1 ^ 0 ). Root-like in ap- 
peal ance 

Rhombic {-icus). Rhomb-shaped. 

RhomhoidcU {-alls) Approaching a 
rhombic outlme; quadi angular, with 
the lateral angles obtuse. 

Rib. A primary and strong vein or 
conspicuous portion of the framework 
of a leaf; 92 

Ribbed. Furnished with promment 
nbs 

Rictus The mouth or gorge of a bila- 
biate corolla 

Rima. A chink or cleft. 

Rvmose {-osus). With chmks or cracks, 
like those of old bark 

Rmg. In Ferns, &c. See Aunulns. 

Ringent (-ens) Grinning or gaping ; as 
is the mouth of an open bilabiate 
corolla; 248 

Riparius. Growing along the banks of 
rivers, &c. 

Rivdlis Growing along brooks. 

Rwularis. Growing in watercourses or 
rivulets. 

Root. The descending axis. Boots are 
axes which grow in the opposite di- 
rection from the stem, are not com- 
posed of nodes and intemodes, are 
mostly developed underground, and 
absorb moisture, &c , from the soil ; 
27 

Root-cap, 13, 28. 

Root-hairs Attenuated unicellular 
outgrowths or hairs from the newly 
formed parts of a root, for absorp- 
tion; 13, 29. 

Rootlet A very slender root or branch 
of a root. 

Rootstock. See Rhizoma; 56. 

Roridus. Dewy ; covered with particles 
resembling drops of dew 

Rosaceous (-eus). Arranged like the 
five petals of a normal rose; 246. 
Sometimes used for rose-color. 


Roseus. Rose-colored ; pale red 

Rostellate {-atus). Dimmutive of Ros- 
trate. 

Rostellum. A diminutive beak. Also 
the name applied by Linnaeus to the 
Caulicle or Radicle 

Rostrate {-atus) With a Rostrum, a 
beak or spur; narrowed into a slender 
tip or process. 

Rosular, Rosulate (-atus). Collected in 
a rosette 

Rotate {-atus) Wheel-shaped; circular 
and honzontally spieadmg very flat; 
248 

Rotund {Rotundus, Rotundatus) Round- 
ed in outline , 95. 

Rough, Roughish. See Scabrous. 

Rubellus, Rubescent {-ens), Rubens. Red- 
dish Rubescent also is tuinmg red. 

Ruber. Red in general. 

Rubicundus Blushing, turning roa- 
red 

Rubiginose {osus) Brownish rusty-red. 

Rvderal {-alts) Growing in waste places 
or among rubbish. 

Rudiment. An imperfectly developed 
and functionally useless organ , a 
Vestige. 

Rufous (-us), Rujescent (-ens). Pale 
red mixed with brown. 

Rugose (-osus) Covered or thrown into 
wnnkles, Rugce, 

Ruminated (-atus) As if chewed ; said 
of the albumen of a nutmeg, &c. ; 311. 

Runcinate (-atus). Saw-toothed, or 
sharply incised, the teeth or mcisions 
retrorse. 

Runner. A prostrate filiform branch 
which IS disposed to root at the end 
or elsewhere; 53. 

Running, Same as Repent 

Rupestris, Rupicolo^ Growing on rocks 
or in rocky places. 

Riptihs. Bursting irregularly. 

Rusty Same as Rubiginose, Rufescent, 
and Ferruginous. 

Rutilans jOeep red with a metallic 
lustre. 


Sabuhsus. Growing in sandy places. 
Saccate (-atus), Sacciform. &c-ahaped; 
baggy. 

Sag%ttate (-atus), Sagittiform (-ortm). 
Arrow-bead-shaped 

SaJsuginosus. Growing within reach of 
salt water. 

Salver-shaped. See Hypocraterimor- 
phous, 248. 
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Sdmanu An indehiscent winged fmit; 
294. 

Bamaroid. Resembling a samara 

Sap-wood New wood of an exogenons 
stem; 80. 

Snrcocarp {-aTjnttm). The succnlent or 
iieshy portion of a drupe; 285. Has 
been proposed also as a general name 
for a baccate fruit ; 292 

Sarmentose (-osus). Producing long 
and lithe branches or runnexS) viz. 
Sarments (Sarmenta). 

Satimts. That which is sown or planted. 

Saw-toothed. See Serrate 

BaxdtilUj Baxosus, Baxicolus. Living on 
or among rocks. 

Bcabridm, Bcabriitscultts. Roughish; 
diminutive of 

Scabrous ( Scaber) Rough to the touch. 

Scalanjbrm {-ormis) Laddeisshaped , 
with transverse markings like the 
rounds of a ladder 

Scales Any thin scanous bodies, usu- 
ally degenerate leaves, sometimes of 
epidermal origin. 

ScaUoped. Same as Orenate ; 98. 

Scaly See Scarions, Squamose. 

Scaly Bvds^ 40. 

Sca^ent (-eria). Climbing, in what- 
ever mode; 51. 

Scape ( Bcapus) A peduncle nsing from 
the ground; 51, 143. 

Scapiform {-ormis), Scapose (-osws). Re- 
sembling a scape. 

Scapigerous {-m) Scape-beanng 

Scar. The mark left on the stem by 
the separation of a leaf, or on a seed, 
&c , by Its detachment 

Scarious or Scariose {-osus). Thm, dry, 
membranaceous, and not green. 

Schizocarp {-arpmm). A pericarp which 
splits into one-seeded pieces; 296 

Sdon A young shoot ; a twig used for 
grafting 

Sduroidem Like a squirrel's tail. 

Sderantkium. Name of the fruit of 
Mirabilis, and the like; an akene 
enclosed in an mdurated portion of 
calyx-tube 

ScCeroideus. Having a hard texture: 
from Scleros, hard 

Scobiform {-ormis). Having the appear- 
ance of sawdust 

ScoTpioid. A form of unilateral inflo- 
rescence which 18 circmately coiled in 
the bud* in the stricter sense, a form 
with the flowers two-ranked, these 
being thrown alternately to the right 
and left; 155, 157. 


Scrobiculate ( atus) Marked by minute 
or shallow depressions. 

Scrotiform {-ormis). Pouch-shaj^d 

Scurf. Small and bran-like scales on 
the epidermis. 

Scutate {-atus), Scutiform {-ormis). 
Buckler-shaped. 

Scutelliform {-ormis). Platter-shaped. 

Scymetar-skaped See Acinaciform. 

Sectile (-I'/ia). As if cut up into portions. 

Section {Sectio) In classification, is 
applied m a general way to a divi- 
sion m the arrangement of genera, 
species, or other groups , 327. 

Sectus Completely divided ; 99. 

Secund {Secundus). When parts or 
organs are all directed to one side. 

Secundiflorus With flowers of a cluster 
all secund. 

Seaindine The second (inner) coat 
of an ovule; 277. 

Seed. The fertilized and matured ovule ; 
the result of sexual reproduction in a 
phsenogamous plant; 305. 

Seed-leares. Cotyledons, 11. 

Seed-stalk. See Fumculus and Podo- 
sperm. 

Seed-vessel. See Pencarp. 

Segetdhs. Growing in grain-fields. 

Segment {Segmentum) One of the 
divisions into which a plane organ, 
such as a leaf, may be cleft. 

Segregate {-atus). Separated; kept 
apart. 

Semen. Seed. 

Semi. Half, in Latin compounds ; such as 

Semi-adherent. The lower half adhe- 
rent, &C. ; Semi-amplesdcauL (-ouZui), 
half clasping the stem ; Bemwoate, 
ovate halved lengthwise, &c. 

Semiandtropous. Same as Amphitro- 
pous; 279. 

Semilunar, Semilunate {-atus). A syn- 
onym of Lunate, being like a half- 
moon. 

Seminal {-alis). Relating to the seed. 

Seminiferous {-m). Seed-bearing 

Sempervirent {Sempervirens). Ever- 
green. 

Senary {-arhis). In sixes; 176 

Sepal {Sepalum) A calyx-leaf ; 165. 

Sepaline {-invs\ Sepalous. Relating to 
sepals. 

Sepaloid {-oideus) Resembling a sepal. 

Sepalody. Name for the metamorphosis 
of petals, &c., into sepals or sepaloid 
organs; 174. 

Separated flowers. Those of distmct 
sexes; same as Diclinous; 191. 
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Septate irOtus), Separated by a parti- 
tion or septum 

Septtclde^ Sephculal {-cldus). When a 
cl^sule dehibces through the dissepi- 
ments or lines of junction , 289 
Beptiferous i-us). Bearing the paitition 
or disbepiment 

Septifragal {-as). Where the valves in 
dehiscence break away from the dis- 
sepimentb ; 290 

Septum. Any kind of partition, whether 
a proper dissepimciii or not 
Septulnte (-afus) Divided by spunous 
or tiausver-^e septa 

Serial {Serially) or Seriate {Senatus). 
Disposed 111 series or rows, whether 
transverse or longitudinal 
Senceovs {-eus) Silky; clothed with 
clobc-pressed soft and straight pubes- 
cence 

Serdtvfious {-us) Produced compara- 
tively late in the season 
Serrate {-atus) Beset with anlrorse 
teeth, 97 

Serrulate {-atus) Serrate with very 
small 01 line teeth, 97. 

Sesqui. A Latin prefix denoting one 
and a half, as, SesqmpedodiAi a foot 
and a halt 

Sessde {-ills) Sitting close, without a 
stalk ; destitute of peduncle, pedicel, 
or petiole, as the case may be 
Seta. A bnstle, or bristle-shaped body. 
Setaceous {-eus). Bristle-like. 

<Sefi/hm {-ormis). In the form of a 
bristle. 

Settgerous (^). Bristle-beanng. 

Setose {-osus). Beset with or abounding 
in bristles; bristly. 

S^ula. Diminutive of Seta. 

Setulose (-o«ua). Beanng or consisting 
of minute bnstles 

Sex. Latin for six; as in Sexangukur, 
SexfanouSy Seaepartite, &c. 

Shaggy. Pubescent with long and soft 
hairs; same as Villous. 

Sheath A tubular or enrolled part or 
organ, such as the lower portion of 
the leaf in Glasses. See Vagina 
Sheathing. Enclosing as by a sheath 
Shield-shaped. In the form of a buckler; 
plane and round or oval, with stalk 
attached to some part of the under 
Burfece; 96. See Olypeate, Scutate, 
Peltate. 

Shrub. A woody perennial of lose size 
than a tree : 50. 

Shrubby. Having the character of a shrub. 
Sieve-ceUs, 77 


8*giUate {-atus). As if marked with the 
impression of a seal, as the rootstock 
of Polygonatum. 

Sigmoid {-endeus). Doubly curved like 
the Greek s or the capital S- 

Silicle {Silicula). A short silique, not 
veiy much longer than wide; 294 

Siliculosn Name of the Lmnaean arti- 
ficial 01 del ot the class Tetradynamia, 
having Sthculuse pods ; 337 

Sdigue {Siliqua) The peculiar pod of 
Cruciteise, especially when much 
longer than wide, 293 

Sthguosa Name ot the other order of 
Tetradynamia, with Siliquose fimt, 
Le. a Silique, 337 

Silky See Sericeous. 

Sdoej-giain The glittenng plates in 
exogenous wood belonging to the 
medullary rays; 74. 

Simple {Simplex). Of one piece, senes, 
&c A simple pistil is of one carpel , 
a simple leat, of one blade, &c. 

Simple Fiuits, 291 

Simplicissimtis. Most simple; complete- 
ly simple 

Smistrbrse. Turned or directed to the 
left; 51, 140 

Sinuate {-atus) With a strongly wavy 
or recessed margin ; 98. 

Sinus A recess or re-entering angle. 

Slashed. Same aa Lacmiate. 

Smooth. Either opposed to scabrous, 

I e not rough, or to glabrous, t. e 
not pubescent ; the formei is the inoie 
correct application 

Sdboles. Shoots, especially those from 
the ground. 

Soboliferous {-us). Bearing vigorous 
lithe shoots. 

Solid Bulb. A conn ; 61. 

Solitary {-<mus). Single, only one from 
the same place. 

Solubilis. Separating into portions or 
pieces. 

Solutus. Loosed; becoming separate. 

Sordidus. Of a dull or dirty hue. 

Sorediate {-atus). Bearing small patches 
on the surface. 

SorHna. A heap of carpels belonging to 
one flower; 263. 

£fort, Bing. soTus. Heaps, such as the 
clustered fruit-dots of Ferns 

Sorose. Heaped or bearing Sori. 

Sordsis. A fleshy multiple fruit, such 
as a mulberry, bread-fruit, and pine- 
apple. 

Spndicevs A bright and clear brown, 
or chestnut cob»’' 
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Spadictous, Having the natnre of or 
bearing a 

Spadix, A spike with a fleshy axis ; 1 49. 
Span. The length of the space between 
the tip of the thumb and that of the 
little Anger, when outstretched , about 
nine mches. 

Sparsus. Sparse or scattered, whence 
Sparsijloi'us, with scattered flowers; 
Sparsifolius, with scattered leaves, &c. 
Spathaceons Spathe-bearmg, or 

of the natuie of a 

Spathe {Spatha) A large bract, or a 
pair of bracts, enclosing a flower-clus- 
ter, 142 

SpatheUa An unused name for the 
glumes of Grasses 

Spathilla A secondary or dimmutive 
spathe. 

Spatulate {Spatkidatus) Oblong with 
the lower end attenuated, shaped like 
a druggist's spatula, 95. 

Species The particular kind, the unit 
in uatuial history classiAcation , 817 
Specie Character^ Name^ &c , 849, 
363 . 

Spermaphere or Spermophore (-orwaw). 

A name for the Placenta. 
Spermodei'm (-emw). The outer seed- 
coat; 305. 

Spermoddphorum or Sperm^hemm An 
unused name foi the gynophore m 
Umbellifeise. The latter also an un- 
used name for the Placenta; 261. 
Spermothica. An unused name for pen- 
carp 

Spermum Latin form of the Greek word 
for seed Lat Semen. 
SphaUrocarpivm. Name proposed for 
an accessoiy frmt, such as that of 
Shepherdia, in which an akene is 
enclosed in a baccate calyx-tube. 
Spica See Spike. 

Spicate {-atus). In the form of or resem- 
bling a spike, or disposed in spikes. 
Spiciform (-ormts) Spike-like 
Spicida. A diminutive or secondary 
spike; a Spikelet 

Spike ( Bjnca ) A form of indeterminate 
inflorescence, with flowers sessile on 
an elongated common axis; 149 
Spikelet { Bpicula ) A secondary spike ; 
. the name given to the Locusta or clus- 
^ ter of one or more flowers of Grasses 
subtended by a common pair of 
glumes. 

Spindle-shaped. See Fusiform 
Spine ( Spina), A sharp-pointed woody 
or indurated body, commonly a branch, 


sometimes a petiole, stipule, or other 
part of a leaf; 55, 117. 

Spmescent {-ens). Ending m a mine 
or sharp point; 65. * 

Spinose {-osits). Furnished with spines^ 
or of a spmy character , 55. 

Spinuhferuus or Spmulose (-osus) Fur. 
mshed with diminutive spmes or Spt' '' 
ulee 

Spiral {Spiralis). As if wound rou^'^1 
an axis ^ral Ducts, 68. Sp3i^ 
Pkylhtaxy, 119, 121. 

Spindes The delicate coiled tl'-'ads 
in the hairs on the surface of i ^n 
seeds and akenes, which uncoil ifflen 
wet, 307. 

SpithamcBus A span long, the length 
spanned between the tip of thumb and 
forefinger when extended 

Splendens. Resplendent or glittering. 

Spmgelet, Spongude {-tola). ' ame 
given to young root-tips; one sup- 
posed to be a peculiar organ; 28 

Sporadic {-icus) Widely disperaed or 
scattered. 

Sporangium. A spore-case or theca con- 
taining the analogues of seeds (spores) 
m the higher Cr^-ptogams 

Spore {Spora, Greek for seed). The 
analogue of seed in Ciyptoganos,* 

Spore-case See Sporangium. 

Sporidium Synonym or diminutive of 
Spore. 

Sportferous. Spore-bearing 

Spdrocatp {-aipivm). Name given to 
certain spore-cases, as of Lycopodi- 
acesB 

Spirophore {-orwn). One of the syno- 
nyms of Placenta. 

Sporvde {Spdrula). Diminutive spore or 
a sort of spore. 

Sporuhferous (-im). Bearing or con- 
taming spores. 

Sport. A bud-variation or seed-varia- 
tion; 819. 

Spumescent {-ens), Spumose. Froth-like 
in appearance. 

Spur. A hollow and slender extension 
of some portion of the blossom, usu- 
ally nectariferous, as of the calyx of 
Larkspur and the corolla oi Violet: 
rarely applied also to a solid spui>like 
process. 

Spurred. Producing a spur.' See Cal- 
carate. 

Squama. A scale of any sort, usually 
the homologue of a leaf. 

Squamate {-atu8\ Squamiferous, Squa^ 
mosus. Furnished with ^{Cales. 



GLOSSARY. 


SqmiwIUa, Squamula. Diminutive 
sqnama; scales of secondary order 
0 # reduced size. 

Squamtform {-ormis). Scale-like. 

h^-niamulose {-osus) Covered or beset 
with minute scales. 

r uarrose (-osus). Literally rough- 
ourfy, applied to bodies rough with 
preadmg and projecting processes, 
^ ach as tips of bracts, &c. 

SquarnUose {-oms) Diminutively squar- 
rose. 

8ta> . Greek for spike. 

Stm Any kind of lengthened support 
on which an organ r elevated. 

Stamen One of the dements or phylla 
of the andioecium , 165 

Stammeal^ Stamineoua {-eus) Relating 
to the stamens , 191 

Stam^iferous (- 2 w). Stamen-bearing. 

Stam ' ^lum A sterile stamen, or 
wh ^answers to a stamen, whatever 
its wim, without anther. 

Staminody. Name for the metamor- 
phosis of other floral organs into 
stamens; 174 

Standard. The posterior petal of a 
papilionaceous coiolla; 184 

Stans. Supporting itself m an erect 
posA in. 

Station. Particular place as to soil, ex- 
posure, &c , which a plant affects ; 
366. 

SteUate {-atus) Stai>shaped, arranged 
like the rays or points of a star. 

Stellulate {-atus) or SteUular. Dimin- 
utive of Stellate. 

Stem. The mam ascending axis of a 
plant; 45. 

Stemless. See Acaulescent; with no leaf- 
bearing stem above ground ; 45. 

Stemlet. Diminutive stem; as that of 
the plumule. 

Stenos. Greek for narrow; hence 

Stenophylhts Narrow-leaved, &c. 

Sterigma. Any foliaceous prolongation of 
the blade of a leaf down on the stem 
by decurrence 

StMgmm. Name of Desvaux for the 
DiereaQis of Mubel. 

Sterile {-ills). Barren, as a blossom 
destitute of pihtil, 191 ; a stamen 
without anther, or an anther without 
pollen; an ovary, without good ovules, 
seeds without embryo, &c. In com- 
mon English use, a male or staminate 
flower is said to be a stenle flower. 

Stichvs. Greek for row or rank, usually 
meaning vertical rank ; hence such 
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compounds as Distichous, two-ranked; 
Trisiiehovs, three-ranked, &c. 

Stigma, pi stigmata. That part or sur- 
face of a pistil (usually on or a pait of 
the style, or in place of it) which re- 
ceives the pollen for the fecundation 
of the ovules, 166. 

Stigmatic {-icus), SUgmatose {- 06 U 8 ). 
Relating to stigma. 

Stigmatiferovs. Stigma-beanng. 

Stings. Stinging haiis, seated on a 
gland which secietes an acrid liquid, 
as in Nettles. 

Stipe (Stipes) A stalk of vanous sorts; 
the support of the cap of a mush- 
room ; the lealstalk of a Fern , any 
stalk-like support of a gynoecium or 
a caipel, 212. 

Stipel (Stipellum). An appendage to a 
leaflet analogous to the stipule of a 
leaf; 106. 

StipeUate (-a^) Piovided with stipels ; 
106. 

Stfpitate (-atus). Having a stipe or 
special stalk. 

StipiUfprm (-onms). Shaped like a stipe; 
stalk-like. 

Stipulaceovs i-evs), Stipular {-oHs). 
Belonging to stipules 

Stipulate. Pobsessiug stipules. 

Stipules. Appendages or adjuncts of a 
leaf one on each side of the insertion ; 
85, 105. 

Siirps, pi. stirpes. A race. 

Stock. Synonym of Race; also the 
portion of a stem to which a graft is 
applied; a caudex, rhizoma, or root- 
like base of a stem from which roots 
proceed; 51. 

Stole, Stolon (Stolo). A sucker, runner, 
or any basal branch which is disposed 
to root; 53. 

StoUmiferous (-w). Sending of or propa- 
gating by stolons, runners, &c. 

Stoma, pi. stdmata, Stomate. One of 
the apertures m the epidermis of folia- 
ceous parts, through which cavities 
within communicate with the external 
air; 89. 

Stomatiferous (-us). Bearing stomata 
or “breathing pores.” 

Stone. The hard endocarp of a drupe. 

Stoneifruit. A Drupe, such as a peach 
or plum; 297. 

Stool. The plant from which layers are 
propagated, by bending down to the 
ground to be rooted. 

Stramineous {-eus). Straw-like or straw- 
colored. 
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Strap-shaped* See Lignlate (247) and 
Lorate 

Stnate {-atus)* Marked with fine longi- 
tudmal hues, streake, or diminutive 
grooves or ridges iStrioe) 

Strict (Strictus) Close or narrow and 
upright; very straight 
Strif/illose (-om) Minutely strigose. 
Stiiffose i-mts) Beset with atnyas, or 
sharp-pointed and appressed straight 
and btifi hail 8 or bnstles. 
Strchilaceous (-eus), StrobUiform {-or- 
mis). Helatmg to or lesembling a 
Stiobile. 

Strobile {Strdbtlus). An mflorescence 
termed largely' of imbricated scales, 
as that of Hop and a Fir-cone, 
303. 

Stt omhulifoi miSy Strombuliferus. Twist- 
ed spiiallj’ mto a screw shape, as the 
legumes of the Screw-bean (Proso- 
pia, sect. Strombocarpa) and of some 
species of Medicago 

Stiophiole {-wla). An appendage at 
the hilum of certain seeds; 308 
Structural Botany y 2 
Stiunm A wen or any cushion-like 
swelhng on an organ. 

Strumose (-oaies), Strumiferous (^). 
Furnished with a struma or goitre-bke 
si^ elling 

Siupose (-on«) Tow-hke; with tufts or 
mats of long hairs. 

Style {Stylus) The usually attenuated 
portion of a pistil or carpel between 
the ovary and stigma, 166 
Styliform {-ormts) Style-shaped. 
Styliferous* Style-beanng 
StyUnua. Belonging to the style. 
Stylosus With styles of remarkable 
length or number, &c 
Stylopodium. An enlargement or a disk- 
like expansion at the base of a style, 
as in Umbelliferje 

Sub* In 'Composition of Latin words in 
tenmnology, denotes somewhat or 
shghtly; as, iSudacuife,i8fu&cordare,that 
is acutish, somewhat cordate, &c. 
Subclassy 327 

Subconvolute and Subimbricaie in estiva- 
tion, 137. 

Suberose i-osus) Of a corky texture. 
Subgerusy 327 

Su^ergedy Submersed (-us). Growing 
under water. 

Suborder {8vhordo)y 327. 

Subpetiohr {-arts) Under the petiole, 
as the leaf-budj> of Platanus ? 42 
Subbuticn, .127 


Sub^ecies. A group which is ambigu- 
ous in rank between variety and spe- 
cies, 320. ^ 

Siibtnbe (Subtribus), 327. 

Subulate (-atu8)y Subuliform (-ormw). 

Awl-shaped 
Subvariety, 327. 

Succise (-^bus)* As if cut or broken off 
at the lower end. 

Siiccid>ou8 (-us)* When in leaves 
crowded on a stem the apex of each 
leaf is covered by the base of the 
next above. 

Succulent (Succosus). Jmey. 

Sucker. A shoot of subterranean ori- 
gin: 63. 

S^rutescent (-ens). Shghtly or ob- 
scurely shrubby; 50. 

Sujfiutex* An undershrub. 

Suffruticose (-osus). Low and shmbby 
at base ; 50. 

Suffultus* Underpropped or supported. 
Sulcate (-atus). Giooved or furrowed. 
Super. Above. See Supra 
SuperioTy Superus. Growing or placed 
above , also m a lateral flower on the 
side next the axis , thus the poste- 
rior or upper lip of a corolla is the 
supenoi , 160, 183. 

Superposed (Superpositus)* Vertically 
over some other part 
Superposition, 179, 195. 

Supervolute (-us), Supervolutive (-ivus). 
Same as Convolute when applied to 
plaits, 139. 

Supine (-inus). Lying flat with face up- 
ward 

Suppression* Complete abortion; 179, 
190. 

Supra. Above; hence in Latin com- 
pounds, Stproroaillaryy above the 
axil ; Suprafoliaceom,dlboYe a leaf, &c. 
Bvpradedecompomd Several times com- 
pound. 

Suretdose (-osus). Producing suckers 
Surculus. A sucker; a shoot rising fiom 
a subterranean base ; 53. 

Sursum. Upward, directed upward or 
forward. 

Suspended (Suspenxus) Hanging di- 
rectly downward, hanging from the 
apex of a cell. 

Suspensor of the embryo, 284 
Sutural (-alls). Relating to a suture 
Suture (-ura). A junction or seam of 
union; used commonly as a line of 
openins:; 260. 

Sword-shaped. A blade with two sharp 
and neaih parallel edges, as in Iris. 
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^Syconium or Syconus* A multiple fruit 
like that of the Fig; 148, 803 
Sylvestrib. Growing in woods 
Symnutrical Regular as to numbei of 
paits or as to shape In the blossom 
It denotes the toimei ; 176 
Symnietty In the flower relates to 
symmetrical disposition of organa on 
the axis , 174 

SymptUdous (~ug) With united petals , 
same as Gamopetalous , 244 
SymphiantJurous (-z£b). Same as Sy- 
naiitheioub and Syngenesious. 
Symphyus Same as Coalescence. 
SymphystemoTut m W ith stamens united. 
Sympode, Sympodium A stem made 
up of a senes of superposed blanches 
m a way to imitate a simple axis, a 
S^mpodud stem , 55, 154 
Synaomy Same as Ibynanthesis. 
SyrumtJiei ovs Stamens coaleacent 
by their anthers 

Symnihtshb The simultaneous anthe- 
81 S or leadiness of the anthers and 
stigmas of a blossom; 219. 

Syncarp^ Syncarpiim A multiple fruit 
such as a mulberi^', or a fleshy aggre- 
gate fruit, like that of Magnolia, 299. 
Syncarpous (-tia) Composed of two or 
more united carpels; 261, 263. 
Syncotyledunous. With cotyledons sold- 
eied together 

Synedral. Glowing on the angles. 
Synhna, The column of monadelphous 
fllaments, as m Mallow. 

SyngenesUi, Lmnaean class (335 ) charac- 
terized by having the anthers united or 
Syngenmous, With anthers cohering 
in a ring; 250. 

Synonym, A superseded or unused 
name , 354, 365. 

Synonymy All that relates to syno- 
nyms, 365 

SynsepalouB {~us) Of coalescent sepals ; 

same as Gamosepalous , 244 
Systematic Botany,, 2. 

Si/sfylus The coalescence of styles mto 
one body. 

Tabescent (-ens). Wasting or shrivel- 
ling 

Tail. Any long and slender terminal 
prolongation. 

Taper-pointed. See Acuminate. 
Tap-root. A primarj^ descending root 
forming a du^ continuation from the 
radicle: 31. 

Tawny. Same as Fulvous; dull brown- 
ish-yellow. 


Taxology^ Taxonomy. Relating to clas- 
siflcation and its rules ; 3, 315. 

Teeth. Any small marginal lobes. 
Tegmen The inner coat of a seed , 306. 
Tela Latin name for tissue, cellular 
tissue, &;c 

Teleianthus, Same as perfect, or her- 
maplii odite-flowei od 
Tendnl A fibfoim production (either 
axile or fohai ) by which a plant may 
chmb, 54 

Tepal {Tepalum) A division of pen- 
anth, whethei sepal or petal (hardly 
ever used). 

Teratological Relating to malforma- 
tion 01 monstrous conditions 
Teratology. The science of monsters 
and malfoimations, 170. 

Terete {Tereg) Round in the sense of 
having a circular transverse section 
Tergemmate {-atas). Thrice twin. 
Terminal (-aha). Proceeding from or 
belonging to the end or apex ; 7. 
Terminology. Same as Glossology; 3, 
356 

Ternary {-emus). Same as Tiimerous; 

consisting of liiree; 176 
Temate {Temus, Tematus). In threes; 

as three in a whorl or cluster. 
Tessellated {-atm). In chequer-work. 
Testa. The outer seed-coat, which is 
commonly hard and buttle, whence 
the name, which answeis to seed-shell ; 
306. 

Testaceous {-eus). Of the color of un- 
glazed common (brownish-yellow) 
pottery. 

Tetra In Greek compounds, four; 
hence 

TetraedrpeUary (-aris). Of four cai- 
pels, 261 

Tetraedmaj OU8 {-m)^ Tetracocem. Of 
four closed carpels. 

Tetradyndmta. Linnsean class (335) 
which has the stamens. 
Tetradynamous (-i«). With four long 
and two shorter stamens ; 250. 
Tetrdgonal or Tetragonous (-««). Four- 
angled. 

Tetragjmia. Linnaan artificial order 
(337), characterized by having the 
gynoeoium. 

Tefrdgynow. Of four carpels or styles. 
Teirdmerom {-us). CJomposed of four 
members in a circle ; 176. 

Tetrandria. linnsean class having the 
flowers perfect and 

Tetrandrom. With four stamens; 249» 
384. * 
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'^etrapetaJkm (-w). With four petals; 
244. 

TetraphylUms Four-leaved, 243. 

Tetraquetrous (-t4S), With four sharp 
or sahent angles. 

Tetrasepahus (-ms). With four sepals; 
244 

Tetrastichous {-us). In four vertical 
ranks 

Tkalamijlorous (-iM), 340 With parts 
of the flowei hypogynous, or on the 
Thdlimus. The receptacle of a flower; 

167 See Toius 
Thalhphytts ( TJiallopkyta)^ 341 
Thidlub A stratum, m place of stem 
and foliage. 

Theca. A case; an anther-cell (251); 
a spore-case, &c. (An early name for 
the anther, 166 ) 

Thecuphore {-oi'um). The stipe of a 
carpel (homologous with petiole); 
212 

Tkoi'n Same as spine; 55 
Throat The oi ihce of a gamopetalous 
corolla or calyx, includmg any por- 
tion between tins and the proper tube ; 
24G. See Faux. 

Thyrse, Thyrsus A contracted or ovate 
panicle; a mixed inflorescence, with 
mam axis indeterminate, but the sec- 
ondary or ultimate clusters c^nnose; 
159 

TiyeUe, Tigellula A miniature or ini- 
tial stem ; sometimes applied to Cauli- 
cle (Radicle), sometimes to Plumule, 
10 

Tinctoiiva. Dyed; used for dyeing; 

imparting color. 

Tusue The anatomical fabric. 
Tomentose {-osus) Densely pubescent 
with matted w'ool, or Tomentum 
Tonyueshaped Long and nearly flat, 
somewhat fleshy, and rounded at the 
apex. 

Tooth. See Teeth. 

Toothed See Dentate. 

Top-iJiaped Inversely conical. 

Torose (-osus) Cjlmdncal, with con- 
tractions or bulges at mtervals 
To 9 ’iuous (-osus) Bent or twisted m 
diiferent directions. 

Tofulose (-asm). Diminutively or 
slightly torose 
Tffrius. Twisted 
Tortilib. Susceptible of twisting 
Torus The receptacle of a flower; 167, 
211 . 

Trabeculate (-atus). Cross-ban ed. 
Trachea. A spiral vessel or duct, named 


from resemblance to the tracheae of 
msects. 

Trachycaipous (-jus) Rough-frmted. 
Trachyipei'mouh. Rough-seeded, &<# 
Transverse (-ersus) Across; nghtand 
left as to bract and axis; collateral, 
160 

Trapeziform (-omw), Trapezoid. ITn- 
symmetncally four-sided, like a tra- 
pezium 

Ti ee. A woody plant with an elevated 
tiuiik 

Tn- In compound words, both Latm 
and Greek, denotes three or tnple. 
Tnachamum A fruit like a ciemocarp 
but of three carpels. 

Tnadelpkoub, T^nadelphia. With fila- 
mentb in three sets; 250 
Tnandt ia. Linnaean class (334) with the 
flowei s 

Tr idndi ous. With three stamens ; 249. 
Tnanyular (-aris)f Tr mngulatus Three- 
angled 

Tridnthms (-us). Three-flowered. 

Tnbe Group superior to genus, m- 
fenor to order; 326. 

Tncarpellar y (-arts). Of three carpels ; 
261. 

Tncarpous (-^). Consistmg of three 
fruits or carpels. 

Tricephalous (-us). Bearing three heads. 
Tnchocaipous (-us). Haiiy-fruited. 
Tnchodes Resembling hair. 

Tr ichdtomous (-us). Thiee-forked; 

branched into three divisions. 
Tnchome (Ti'ichdma) Any outgrowth 
of the epidermis, such as a hair or 
bristle; 209. 

Tricdccous (-us). Consistmg of three 
cocci. 

Tricolor. Three-colored. 

THcuspidcde (-atus). Tipped with three 
cusps or pointed tips 
Tridentate (-atus) Three-toothed. 
TrkUyitate. Thnce digitate. 

Trvluus. Lasting for three days. 
Tt^itnnml (Trwnms). Lasting for three 
years. 

Trifarious (-iiM). Facing three ways, 
in three vertical ranks. 

Trrjid ( Trifidus). Three-cleft. 
Trifoliate Tnfohatus). Three- 

leaved. 

Tr ifoholate (-atus). Of three leaflets. 
Trifurcate (-atus) Divided into three 
forks or branches 

Trigamous (-ua). Bearing three kinds 
of flowers. 

TiHgonou8(-us), Trigonal. Three-angled. 
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Trigjma. Lannsean artificial order with 
Tiiyynous, i e, three-styled flowers; 
d37. 

Triliilatus Having three apertures, as 
in some grams of pollen. 

Trijuf/ate {Tnjugits). With three pairs 
of leaflets or piunse. 

Tnlobaie {Ti ilobm) Three-lobed. 
Tnlocular (-ans). Three-celled. 
Ttimevous {-us), Three-membered parts 
inthiees, 176. 

Tnmestns. Lasting for or maturing in 
three months 

Ti tmorphous^ Trimarpism, Occurring 
under three forms; 236 
T^inervatt {TnnerviiLs), Three-nerved. 
Tnnodul Of thiee nodes or joints 
Tiuscm Lmnseaii artificial order with 
the flowers 

Tn'toicious or Tnotcous (-ms). Havmg 
stainmate, pistillate and perfect flowers 
(or three kinds of floweis as to sex), 
334, on three distinct plants. 
Tnomlate {-aitts). Having three ovules. 
Tnjpa/rtible {•‘MU). Tending to split 
into three portions. 

Tripartite {-ilm). Three-parted. 
Trtpttahid {-cvdeus). As if three-pet- 
alled 

TV ipetalous {-m), Havmg three petals. 
Tviphyllous {-m). Three-leaved; 243. 
TnpinnaU{-<ibu8) Thnce piimate, 104 
Tnpinnatijid {-idus) Thnce pinnatifld 
Tnple-nhbed or nerved. With midnb 
dividmg mto three, or sending off on 
each side a strong branch, above the 
base of the blade , 93 
Triphnei'ved {TtipUnervius) Same as 
Tnple-nerved, Triple-ribbed; 93. 

Ti ipterom {-us) Three-winged. 
Triquetrous ( TV iqueter) . Three-edged ; 

Avith three salient angles. 

Triguinate {-atus). Divided first into 
three then mto five. 

Trisected {-us) Divided into three por- 
tions; 99 

Trisepahus (-^<fi). Of three sepals. 
Tnserinl {-alis)^ Triseriate {-cotus). In 
three horizontal ranks or series. 
Tnstdchyus, Three-spiked 
Trist'ichous (-ms). In three vertical 
ranks; 122. 

Tnstigmatic With three stigmas. 
Tnstis Dull colored 
THi^tylous (-MS). Having three styles. 
TrMcate (-n^Ms). Three-grooved 
Tritrmate {ntus) Thrice temate; 104. 
Trivial ntmei, Nomina tririalia. Com- 
mon or \ulgur names; used by Lin- 


naeus for specific names of a singla 
word; 346, 362 

Trochlear {-earis). Pulley-shaped. 

Trophosperm {Ti'vpho^erndum). Name 
for the Placenta; 261. 

Trumpet^haped. Tubular, with a dilat- 
ed onfice. 

Trumcate (-atus). As if cut off at the 
end; 97. 

Ti'imh ( Truncus). A main stem. 

Tryma. A drupaceous nut, with exo- 
carp at length dehiscent or otherwise 
separating, such as walnut and hick- 
ory nut. 

Tubceformis. Trumpet-shaped. 

Tube {Tubus). Any hollow elongated 
body or part of an organ ; 245. 

Tuber. A thickened and i^ort subter- 
ranean branch, beset with buds or 
eyes; 69. 

Tubercle ( Tuberculum). A small tuber 
or an excrescence; or something be- 
tween a tuber and a root; 60. 

Tuberculate {-atus). Beset with knobby 
projections or excrescences. 

Tuberiferous. Beanng tubers 

TuMar^ Tubulosus {-ose). Having a 
tube; tube-shaped; 248. 

TuMliflorus {-us). When the flowers of 
a head have only tubular corollas. 

Tunicate {-us). Havmg coats (tunics). 

Turbmate {-atus). Top-shaped. 

TurioUf {Tuno). A scaly sucker or 
shoot from the ground ; 41. 

Tumip-shaped. See Napiform. 

Twin In pairs. See Gemmate, Didy- 
mous. 

Twining. Winding spirally and so 
chmbmg {Twiners); 61. 

Twisted. Contorted. 

Two-lipped. See Bilabiate. 

Type. The ideal plan or pattern. 

Typical. Representing the plan or 
type. 


Uliginose (-osw). Growing in swamps. 

Ulndris Of the length of the ulna or 
fore-arm. 

Umbel {Umhella). An inflorescence 
(properly of the indeterminate type) 
m which a cluster of pedicels spnng 
all from the same point, like rays of 

^an umbrella; 146. 

Umbellate {-atm). Umbelliform (-ormw;. 
In or like umbels. 

Umbellet. A partial or secondary um- 
bel; 160. 

Umbelliferous {-us). Bearing umbels. 
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UmheUulcu A partial or secondary um- 
bel, 01 umbellet, 150 
UmbiUcatt (^-atus). Depressed m the 
centre, navel like. 

UtnMictts The hilum of a seed 
UmbonaU {^tus). Bearing an Umho 
or loss m the centre 
Umbrdculiform (-oiin/s) Having the 
general form of an umbrella 
Umhi osub. Growng in shady places. 
Unarmtd Destitute of pnckles, spines, 
or other armature. 

Uncata {-atus), Uncinate^ {-atus\ Uncn^ 
form {-ormis) Hooked; bent or 
curved at tip in the form of a hook. 
Uneialis An inch {uTicia) in length. 
Undate (-atiw) or Undulate {-atus) 
Wavy, 98 

UndetidiTuh A very low shrub; 50. 
Unequally pinnate See Impan-pm- 
nate. 

Unguicuhte irutus). Contracted at 
base mto an 

Unguis. A claw, or stalk-like base of a 
petal, &c. ; 245 

Uni- In Latin compound, one ; as 
Unicellular Of one cell; Unicolor ^ of 
^ one color, &c. 

Vhicus. Singly or single, sohtary, 
Unijlorous {'•us) One-flowered. 
Unijdliate (-atus). One-leaved. 
Unijdliolate, of one leaflet ; 102. 
Unijuyate (Unyugus). Of one pair; 
102 . 

^ Unilabiate (-atus). One-hpped, like the 
corolla of Acanthus, in which the 
upper lip is obsolete. 

Unilateral i-ahs) One-sided, either 
originating on or more commonly 
turned all to one side of an axis. 
Unilocular (-ans). One-celled- 
Unmervate ( Uninervis, Uninervius). 
One-nerved 

Unipvulate (-atus). Having only a soli- 
tary ovule 

Uniparous Bearing one; as a cyme of 
one axis or branch; 152, 155. 
Uniserial (-ialU)^ Uniseriate (-atus). 

In one honzontal row or series 
Umsexual (-alis, Unisexus). Of one 
sex; having stamens only or pistils 
^only; 191. 

Univalved ( Univalvis) Of one piece or 
valve. 

Urceciate (-atus) Hollow and con- 
tracted at or below the mouth, like an 
um or pitcher ( Urceolus). 

Urens. Stinging, in the manner of net- 
tles. 


Utricle ( Utriculus). A small bladdery 
pericarp, 295. Or any small bladder- 
shaped body or appendage, al^ a 
synon^Tn of a cell of paienchyma. 

Uiticular (-ans), Utnculate (-atus)^ 
Uti'wuliform (-ormis)f Utnculose 
(-OSUS). Having or consisting of 
utricles, or bladder-like in appear- 
ance. 


Vacillans. Swinging free, as the anth- 
ers of Grasses on their filaments. 

Vacuus. Void or empty of the proper 
contents. 

Vagina. A sheath, as of a leaf, &c. 

Vaginate. Sheathed. 

Vall^culcB. The intervals or grooves 
between the ndges or ribs of the fruit 
Umbellifeiffi. 

Valvate (-atus), Valvular (-arts). 
Opening as if by doors or valves, as 
do most dehiscent fruits (capsules), 
and some anthers; also the parts of 
a flower-bud ,when they exactly meet 
without overlapping , 135. 

Valve ( Valva). One of the pieces into 
which a capsule splits, 288. 

Valved. Same as valvate: hence 3 
-valved, 5-valved, many valved, &c. 

VMvula. A diminutive valve. Also 
used (after Linnseus) for the inner or 
flower-glumes of Grasses. 

Variegated (-atus). Irregularly colored; 
in patches of color. 

Variety ( V aristas) A sort or modifi- 
cation subordinate to species; 318 

Vdnolate, Varioldns. Marked as if 
by the pustules or pittmgs of small- 
pox. 

Vascular (-am) Relatmg to or fur- 
nished with vessels ( Vasa) or ducts. 

Vascular Plants ( Va>sculares), 340. 

Vdscvlum. Same as Asddium Also 
the botanists* collecting box ; 372. 

Vasiform (-ormis). In the form of a 
vessel, duct, &c. 

Veined Furnished or traversed with 
fibro-vascular bundles or threads, es- 
peciall}'^ with those which divide and 
are reticulated. 

Veins ( Venas) In general any ramifi- 
cations or threads of fibro-vascular 
tissue in a leaf or any flat organ; 
especially (as distinguished from 
nerves) those which divide or branch; 
02 . 

Veinless. Destitute of veins. 

Veinlet { Vdnula) One of the nltimate 
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or smaller ramifications of a vein or 
lib, 93. 

Vtlii^e {-atus). Veiled 

VtlaUnous {,V elutinus) Velvety; the 
surface covered -nith a soft coating of 
fine and close silky pubescence, or 
velumen. 

VtmiUan ( Venatio). The mode of vein- 
ing; 90. 

Vmenatm, Venmosms* Poisonous. 

Venose i-osus) Veiny; abounding in 
veins or network. 

Ventral {-alhs). Belongmg to the an- 
tenor or inner face of a carpel, &c. ; 
the opposite of dorsal. 

VenhicoseirOsuA) Swelling unequally 
or inflated on one side. 

Ventticalose (-om). Minutely ventri- 
cose. 

Venulose (^osiis). Abounding with vein- 
lets or venulsB. 

Vermicular (-ans) Worm-shaped. 

Vei'nal ( Vemalis). Appealing m spring. 

Vernation {-ado). The disposition of 
parts in a leaf-bud; 132. 

Vemicose (-osm). As if varnished. 

Verrucose {-osus). Covered with warts 
{verruca) or wart-like elevations. 

Versatile { Versatilis). Swinging to and 
fro; tummg freely on its support; 
253. 

Versicolor, Changing color, or of more 
than one tint or color 

Vertex. The apex of an organ. 

Vertical {-alls). Perpendicular to the 
horizon; longitudimd. 

VerticU {Mlus). A whorl; 6. 

VerdciUoster. A false whorl, composed 
of a pair of opposite cymes ; 159. 

Verdcdlastrate, Bearing or arranged 
in VerticiUasters. 

VerdciXlate (-otus, -am). Disposed in a 
whorl; 6, 119, 120 

Vescicle {-icula). A small bladder or 
air-cavity. 

Vesicular (-am), Vesiadose {-osus). As 
if composed of httle bladders. 

Vespertine ( Ve^ertinus). Appearing or 
expanding in early evening. 

Vessels ( Vasa) See Ducts. 

V^lary (-am), Vexillar, 137. Peiv 
taming to the 

Vexillum. The standard or large pos- 
tenor petal of a papilionaceous corolla ; 
184. 

Villose {osus) or ViUota. Bearing shaggy 
or long and soft (not interwoven) hairs 
or Villi. 

Vimineofts{'-eus). Bearing long an^^fl^jc- 


ible twigs, like those used for wicker 
work. 

Vine. Any trailing or chmbmg stem . 
originally that of the Grape firom 
which wine is made. 

Vinealis. Growing m vineyards. 

Violaceous (-€««). Violet-colored. 

Virens Green, or evergreen. 

Virescens. Greenish or turning green. 

Virgate {-atus) Wand-shaped, or hke 
a rod, slender, stiaight, and erect. 

Virgultum A vigorous twig or shoot. 

Vmdescent {-ens). Same as Virescens. 

Viridis. Green. 

Vindulus. Greenish. 

Virosus. Venomous. 

Viscid {-idus), Viscous (-om) Sticky 
from a tenacious coating or secretion. 

ViteUinus. The yellow hue of the yolk 
of egg. 

Vitellus. ITame formerly given to the 
peculiar albumen which is m some 
cases deposited withm the embryo-sac. 

Viticulose {-osus), Sarmentaceous ; pro- 
ducing vine-like twigs or suckers, 
vidcula. 

Vitta The fillets or stripes (oil-tubes) 
of the pencarp of most Umbelliferse, 
which contam an aromatic or pecuhar 
secretion. 

Vitiate {-atus) Bearing vittoe , or with 
any longitudinal stripes 

Viviparous {-us). Germinating or sprout- 
ing from seed or bud while on the 
parent plant 

Voluble {VoWnlis), Twining round a 
support, 61. 

Volutus, Rolled up in any way. 

Volva. A wrapper or external coveting, 
especially that of many Fungi 


Wat^. See Undulate. 

Waxif. Resembling beeswax in consist- 
ence or appearance 

Wedge-shaped or Wedge-form, See 
Cuneate; 95. 

Wheel-shaped, See Rotate. 

Whorl, Arranged in a circle round an 
axis; a Verticil; 6. 

Whorled, Disposed m whorls. 

Wild, Growing without cultivation; 
spontaneous. 

Wing See Ala. Any Membraneous 
or thin expansion by which an organ 
is bordered, surrounded, or othen^e 
augmented. Also the two lateral 
pet^s of a papihonaeeous coroUi^^ 
termed wings; 186. . 
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Winged. See Alate * bearing a wing or 
wings. 

WhtJ^enng. See Marcescent 

Wood. The hard part of a stenif &c., 
mamlj composed of 

Woodr^eUa^ Woody Jibre or tissue^ 68. 

WooUy. See Lanate and Tomentose: 
clothed with long and tortuous or 
matted hairs. 

X<mtho$. Greek for yellow in com-* 
pounds, such as Xantlwphyll^ the yel- 
low colormg matter in leaves. 


Xendgamy. Fecundation of the ovules of 
a dower by pollen from some other 
plant of the same species; cros^fer* 
tilization; 216. 

XyUntee Woody, pertaining to wood. 


Zoospore. One of the free-moving spores 
of the lower Cryptogams. 

Zygomorpkotis (-tis) That which can be 
bisected in only one plane into «in»inT - 
halves; 176. 


abbenda: 

AnUiromom, AsMromy. When the course of a spiral is reversed, 157. 
Infertile {-Hie). Said of a pistil or flower which fails to set fruit. 
Polyemhryony. The production of two or more embryos in a seed, 284. 
Saprophytes i-yta). Plants feeding upon decaying vegetable or animal matten 



